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From the Editor

The Journal of Special Operations Medicine (JSOM) is an authorized official military quarterly publication of the United
States Special Operations Command (USSOCOM), MacDill Air Force Base, Florida. The JSOM is not a publication of the civilian
Special Operations Medical Association (SOMA). Our mission is to promote the professional development of Special Operations
medical personnel by providing a forum for the examination of the latest advancements in medicine.

Disclosure Statement: The JSOM presents both medical and nonmedical professional information to expand the knowledge of SOF
military medical issues and promote collaborative partnerships among services, components, corps, and specialties. It conveys med-
ical service support information and provides a peer-reviewed, high quality print medium to encourage dialogue concerning SOF
medical initiatives. The views contained herein are those of the authors and do not necessarily reflect the official Department of
Defense position. The United States Special Operations Command and the Journal of Special Operations Medicine do not hold them-
selves responsible for statements or products discussed in the articles. Unless so stated, material in the JSOM does not reflect the
endorsement, official attitude, or position of the USSOCOM-SG or of the Editorial Board.

Content: Content of this publication is not copyrighted. Published works may be reprinted provided credit is given to the Journal of
Special Operations Medicine and the authors.

Articles, photos, artwork, and letters are invited, as are comments and criticism, and should be addressed to Editor, Journal
of Special Operations Medicine, USSOCOM, SOC-SG, 7701 Tampa Point Blvd., MacDill AFB, FL 33621-5323. Telephone: DSN
299-5442, commercial: (813) 828-5442, fax: -2568; e-mail JSOM@socom.mil.

The JSOM is serial indexed (ISSN) with the Library of Congress and all scientific articles are peer-reviewed prior to pub-

lication. The Journal of Special Operations Medicine reserves the right to edit all material. No payments can be made for manu-
scripts submitted for publication.
Official Distribution: This publication is targeted to SOF medical personnel. There are several ways for you to obtain the Journal
of Special Operations Medicine (JSOM). 1) USSOCOM-SG distributes the JSOM to all our SOF units and our active editorial con-
sultants. 2) SOMA members receive the JSOM as part of membership. Please note, if you are a SOMA member and are not receiv-
ing the subscription, you can contact SOMA through www.somaonline.org or contact MSG Russell Justice at_justicer@soc.mil.
SOMA provides a very valuable means of obtaining SOF related CME, as well as an annual gathering of SOF medical folks to share
current issues. 3) For JSOM readers who do not fall into either of the above mentioned categories, the JSOM is available through
paid subscription from the Superintendent of Documents, U.S. Government Printing Office (GPO), for only $30 a year.
Superintendent of Documents, P.O. Box 371954, Pittsburgh, PA 15250-7954. GPO order desk-telephone (202) 512-1800; fax (202)
512-2250; or visit http://bookstore.gpo.gov/subscriptions/alphabet.html. You may also use this link to send a email message to the
GPO Order Desk—orders@gpo.gov. 4) The JSOM is online through the Joint Special Operations University’s new SOF Medical
Gateway, it is available to all DoD employees at https://jsou.socom.mil/medical/. On the left you will have several tabs; you must
first “log-in” using your SS#, DOB, and name; then go to “publications.” Scroll down until you get to the JSOM and click on the
picture. From this site, you can link straight to the Government Printing Office to subscribe to the JSOM. We are working with the
JSOU to have a SOCOM-SG medical site; we will keep you posted as that progresses. 5) The JSOM can also be emailed in PDF
format; if you would like to be added to the PDF list please send your request to JSOM@socom.mil.

Don’t forget to do your CMEs!!!! Remember, our continuing education is for all SF medics, PJs, and SEAL corpsmen. In
coordination with the Uniformed Services University of Health Sciences (USUHS), we offer CME/CNE to physicians, PAs, and
nurses.

The JSOM remains the tool that spans all the SOF services and shares medical information and experiences unique to this
community. The JSOM continues to survive because of the generous and time-consuming contributions sent in by physicians and
SOF medics, both current and retired, as well as researchers. We need your help! Get published in a peer-review journal NOW! See
General Rules of Submission in the back of this journal. We are always looking for SOF-related articles from current and/or former
SOF medical veterans. We need you to submit articles that deal with trauma, orthopedic injuries, infectious disease processes, and/or
environment and wilderness medicine. More than anything, we need you to write CME articles. Help keep each other current in
your re-licensure requirements. Don’t forget to send photos to accompany the articles or alone to be included in the photo gallery
associated with medical guys and/or training. If you have contributions great or small... send them our way. Our e-mail is:
JSOM@socom.mil.

Enjoy this edition of the journal, send us your feedback, and get those article submissions in to us now!

Maj Michelle DuGuay Landers




From the Surgeon

WARNER D. “Rocky” FARR
COLONEL, U.S. ARMY
Command Surgeon
HQ USSOCOM

ARRIVALS

I arrived at USSOCOM Headquarters in Tampa on 1 June 2006 after forty-five, count them, forty-five
days en route. It was a nice break, which I spent mostly ranching in Texas with a short TDY to Hurlburt AFB
for a very good counter-terrorism seminar at the Joint Special Operations University—thanks to Lt Col John
McAtee. June here at MacDill was a month of transition as I observed CAPT Butler and his office, found a
house, wrestled with thousands of boxes of books in my household goods, and basically did not do anything
for the good of national defense. As for other arrivals, we have HMCM Mercer in hand. We are still await-
ing LTC Bob Vogelsang, incoming veterinary officer who arrives in August.

FAREWELLS

One thing I have learned watching the office is that it takes much appropriate pomp and circumstance
to retire a naval person. We had HMCM Gary Welt’s retirement ceremony on 16 June and it was great! Bell
ringing, piping aboard, piping ashore, side boys, choker whites (not for me!), admirals, cutlasses, every tradi-
tion in the books. I seem to have missed the SOF warrior versus biker fistfight at the after party party. I have
known Gary quite a while and will miss him much. It appears we are keeping him on the Tactical Combat
Care Committee (TCCC), which will benefit us all. His replacement is HMCM Glenn Mercer. Glenn and I
went to a performance enhancement conference at the Uniformed Services University of the Health Sciences
together earlier in June and he made an impressive presentation of our requirements in this critical area. He
can be reached at glenn.mercer@socom.mil.

We stood up and did it all over again two weeks later (30 June) for CAPT Frank Butler retiring from
his thirty years of great naval service. Ditto on all the pomp and circumstances, seems like fewer naval per-
sons in choker white and more in white with open collars but other wise similar traditions, and length. The
Navy does know how to do this well. Frank is planning to stay involved in the community too.

TACTICAL COMBAT CARE COMMITTEE (TCCC)

Somewhere between these two social activities, extravaganzas and parties, we had a TCCC meeting
in downtown Tampa. TCCC is being embraced by all the services, read: the conventional forces. The Navy
is funding the TCCC committee, which CAPT (Ret.) Steve Giebner expertly runs. It is a collection of SOF
and conventional medical warriors, from corpsman and medics to medical officers, all of which make you
proud. This meeting recommended changing from Gatiflox® (gatifloxacin) to Avelox® (moxifloxacin) since
Gatiflox® (gatifloxacin) is expiring and is no longer available. It was already the second choice under the last
recommendations. The proofs for the sixth edition of the Prehospital Trauma Life Support (PHTLS) manual
are at the printer (thanks to Dr. McSwain). The book, a separate military version, should be out in the fall.
The TCCC also decided to relook haemostatic agents as there are now a number of them out there. Meeting
with the TCCC group is both enjoyable and profitable to the community. Their recommendations are great
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“top cover” and based in the latest research and clinical practice. The flash to bang time to get a new recom-
mendation to the field is phenomenally short, which saves lives.

B1OMEDICAL INITIATIVES STEERING COMMITTEE (BISC)

June also saw a BISC meeting that I attended. I plan to start publishing some of the studies that the
BISC is funding in the JSOM and have my research coordinator write a research and development column in
each issue of the journal. The BISC also funded the “TCCC just in time training team” which is doing great
deeds. BISC funds are open to any kind of SOF specific research. In the past, we have funded Physician
Assistants who needed research funding for the masters degree research efforts. As the Army, Navy and Air
Force Component Surgeons are all changing this summer it will be a new crowd at the next BISC when we
will vote on full proposals to fund for next year’s research effort. The BISC will be 10 and 11 August before
the Advanced Technology Applications for Combat Care (ATACC) meeting in St. Petersburg, Florida on 13 to
17 August.

THE JOINT SPECIAL OPERATIONS MEDICAL TRAINING CENTER (JSOMTC) [ALSO KNOWN AS “SPECIAL
WARFARE MEDICAL GROUP (AIRBORNE)]. (SWMG [A]).
The JSOTC has passed their accreditation inspection. Quoting from their inspection letter:

d

— 248 Hareeond Rnad

CDﬂEI%SI'P i

Committee . Accreditation

of Echucstional Programs lon e EMG Prolssioes Februgry 248, 2005

Kzvin Keenan, MO, Dean
Uniformed Services-Faramecic Program
USAFKEWEE
AL
Fort Bragn, Mo Caring
105200

Re: Program Mumbser 600017
Diasr Dr. sinanmn,
The Comeniies on Acereditahon of Educationsl Frograms for the EME Professions (ColEMSP)
Banrd mat nn Fahrsary 46, 2005 and reviswsd your request for Conlinting AmsedEstion for tho
Faramd: Program someomed by bhe Unlformod Sardces Universiy of Health,  Afier careful
conalderation, the Commiles has ferwanded e recomnmndalion of Condinuing Apcroditasian fo
e Commssion on Accredisiion of Afed Hesith Educsfion Programs [CAAHER) for

anoradistion action &l & need meelng.  The nexd re-affirpation of the progam's Coninuing
Areiitaian with the CoAEMERCAMHEP s sohoduled for May 13, 2010

Congratulations to the staff, faculty, deans, and commander of JSOMTC and SWMG(A). They have
continued to meet the standard while sending maximum graduates to war. The place is busting at the seams
and the Marines haven’t even asked for seats yet.

THE CURRICULUM EVALUATION BOARD (CEB)

The CEB has delivered their test bank of multiple thousands of professionally vetted questions at the
NREMT-P level for use as the external evaluation standard for the Special Operations Forces-Advanced
Tactical Provider (SOF-ATP) certification and card. CPT Steve Briggs, Chief, Medical Training, gave the first
“B-test” of the examination at the JSOMTC in June. It went well and he will now go to the PJ School at
Kirtland to do the same in September. The CEB has a large contingent of civilian physicians who work for
free and do not get the credit that they deserve. I met with the current chair, Dr. Rick Hammesfahr at the TCCC
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and we discussed future directions. I am trying to get dedicated funding from the command to continue their

fine work. Currently they are invaluable in vetting individual questions as issues come up. Their work was

critical in showing the last COAEMSP accreditation survey at the JSOMTC that we have a worthy, external

examination. Well done and thanks to all the members. Any willing volunteers can contact CPT Briggs: brig-
ss@socom.mil.

USMC/MARSOC

MARSOC has stood up and I have talked by email with their incoming command surgeon who should
arrive in August. As we have trained USMC Force Recon Medics before at the JSOMTC, we all know the
standard. The new Surgeon’s first question coming on board will be, “how do you meet it?” I look forward
to helping them come up to speed. The Marine Corps have a long history in SOF and SOF like operations.
Read their Small Wars Manual, both the old and the new one. It was a Marine Corps General, LTG Samuel
B. Griffith II, who translated Mao Tse-tung’s “On Guerrilla War” into English. He commanded the 1st Raider
Regiment in World War II. Read about the “Boxer Rebellion” and the “China Marines” sometime. Welcome
home to our SOF Marine brethren.

THE JOURNAL OF SPECIAL OPERATIONS MEDICINE (JSOM)

I am a strong supporter, and continuing contributor, to the JSOM. You should be also! We will never
make it a truly representative, SOF medical journal if the NCOs do not start writing more. Doctors will always
fill it up with stuff — I am currently doing that myself. However, that is because the NCOs, including those
who present at SOMA, DO NOT WRITE! I promise all, that I will displace a Doctor article for a Medic arti-
cle every time. Let’s get with it. Expect to see more columns from the USSOCOM Surgeon’s Office staff
also. One of the medical officers at one of the components, now gone, said he wouldn’t write for it because
it wasn’t a “quality journal,” he was wrong! Let’s all keep proving him wrong! Thanks to Maj DuGuay (now
Landers) for continuing to do all the heavy lifting on the journal. For article submission and author details:
JSOM@socom.mil.

MEDICAL WEBSITE

Lt Col McAtee at the Joint Special Operations University has set up a SOF medical website and it is
up and running. Go to https://jsou.socom.mil/medical/default.aspx. It has all the JSOM issues on it. Please
let him know what else he should add: john.mcatee@Hurlburt.af.mil. Also, remember the JSOMOC course
next spring.

SENIOR ENLISTED MEDICAL ADVISOR MEETINGS AND COMPONENT SURGEONS MEETINGS

HMCM Mercer and I will sit down when we can and attempt to link and synch Senior Enlisted
Medical Advisor Meetings and Component Surgeons Meetings to be collocated with a final day together. The
senior medical NCOs, under HMCM Welt’s leadership have established a great forum to get items surfaced
and solved and the medical officers need to do the same. We have not had a component surgeons meeting in
quite a while. I want to start them again, perhaps with the officers meeting on the last day together with the
NCOs we can get more done. Stay tuned.

THE FUTURE

I have not had a sit down with the general yet so my priorities have not had the necessary azimuth
check, we’ll see what he wants me to work on. Left unguided I plan to fight for more Level 2 capability, more
training, and capabilities for medics on the front lines, more research into what’s really killing our folks, and
getting MARSOF medical started off right. I know there are many folks out there that will want to counsel
me personally, so I'm at: office: 813 828-5442; DSN 299-; fax -2568; cell: 813 841-7601 or NIPER: warn-
er.farr@socom.mil. Alternatively, SIPER: warner.farr@hg.socom.smil.mil.

I go over forty years continuous service in the Army next 23 April-come by Tampa, I’m buying.
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SENIOR ENLISTED MEDICAL ADVISOR (SEMA)
HMCM GLENN MERCER

Hello to all our readers and specifically to the enlisted Medics in the Force. I have taken the shop from
MC Welt as of July. Gary has retired after 30 years of Fleet and primarily Naval Special Warfare service. We
thank him for his achievements and one of the best retirement parties in the history of DOD featuring: Gary,
his bird and the house band performing the lead vocals to AC/DC’s “Dirty Deeds” with a ten minute stage
monologue on the history of Frogmen. For those that had the privilege of working with GW we remember this
as just par for the course. Also caught up in this retirement madness was CAPT Butler who was unceremoni-
ously “discovered” by the Bureau of Personnel and told it was time to go home as well. Sir, it was, and has
been a pleasure to assist and serve you throughout the years. We look forward to your future contributions from
the civilian sector and wish you a rewarding “second” career. Fair winds and following seas to you both.

We recently conducted a JMEAC in June and while it was primarily a turnover event the opportunity
to discuss and set the groundwork for future Human Performance issues took place. Currently there is strate-
gic paperwork moving through the staffing process that will prompt significant examination of the what, why,
and how much when it comes to the larger topics of performance and optimization. From the senior enlisted
perspective this concept document could significantly alter the way we look at preventing injury, raising per-
formance on target, and bridging our operators (warrior athletes) back to capacity. The next JIMEAC is tenta-
tively scheduled precedent to the SOMA this year with a combined interest from our Component Surgeons and
should be an effective gathering to decide v. discuss.

As for me, I am looking forward to the next 2.5 years here at the HQ. COL Farr is onboard as the new
SG and is ready and energized to do good things at the operational level for the medics. In conclusion, I would
like to thank SGM Hayes of the Training Company at the JSOMC for his interest and advocacy over the last
18 months while watching over the compound at Fort Bragg. Good luck in your next assignment.

Journal of Special Operations Medicine



Meet Your JSOM Staff

EXECUTIVE EDITOR
Warner Dahlgren Farr, MD
warner.farr@socom.mil

Colonel “Rocky” Farr was the distinguished honor graduate of
his Special Forces 18D class in 1968. He served as a recon team mem-
ber with the 5th SFG(A) in SOG-Studies and Observations Group. He
attended the DLI (German) and joined Detachment A, Berlin Brigade, an
early special mission unit. He became the SF instructor at the ROTC
Detachment, Northeast LA University and completed his BS. As a SFC,
he taught in the 18D course and was selected for MSG. COL Farr was
accepted to the Uniformed Services University of the Health Sciences
and while a medical student, he was the medical platoon leader for the
11th SFG(A). He received his MD in 1983 and has completed residencies
in aerospace medicine, and anatomic and clinical pathology. He com-
manded Company F (ABN), 3rd BN, Academy BDE, Academy of Health
Sciences as Course Director of the Special Operations Medical Sergeant’s Course; and advisor to the 12th
SFG(A). He was Chief, Department of Pathology, Blanchfield Army Community Hospital, and Flight
Surgeon, 50th Medical Company (Air Ambulance), 101st ABN Division (Air Assault). COL Farr was the
Division Surgeon of the 10th Mountain Division (Light Infantry) until becoming Deputy Commander of the
U.S. Army Aeromedical Center. He attended the Air War College before becoming the Deputy Chief of Staff,
Surgeon, U.S. Army Special Operations Command; Command Surgeon, U.S. Army Special Forces Command;
and Command Surgeon, U.S. Army Civil Affairs and Psychological Operations Command. He became the
Command Surgeon of the U.S. Special Operations Command in Tampa, FL in July 2006. He has numerous
operational tours to include Bosnia, Kosovo, Kuwait, Vietnam, Cambodia, and Afghanistan.

MANAGING EDITOR
Michelle DuGuay Landers, RN
Duguaym@socom.mil

Maj Landers joined the Army Reserve in 1987 and served as a
nurse in a Combat Support Hospital unit for three years before switching
services in 1990 to become an Air Force C-130 Flight Nurse. She is cur-
rently an IMA reservist attached to the SOCOM/SG office where she is
in charge of management, production and publication of the JSOM. Maj
Landers has a Bachelors in Nursing and a Masters in Business
Administration/Management. Her 20 year nursing career includes being
a flight nurse in both the military and private sector, 15 years of clinical
experience in emergency and critical care nursing as well as being an

EMT and a legal nurse consultant. She also served as the military liaison
to her Disaster Medical Assistance Team (DMAT.) Prior to the SG office, Maj Landers’ experience at USSO-
COM includes an assignment in the Center for Force Structure, Resources, Requirements, and Strategic
Assessments.
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USASOC

Joe Caravalho, MD
COL, USA
Command Surgeon

By COL Dalton Diamond, MD, Deputy Surgeon

This is the first and, most likely, the only time I will write this column. Most of you know that COL
Rocky Farr has been elevated to the position of USSOCOM Command Surgeon and COL Joe Caravalho, his
replacement at USASOC, will not be on the ground until after this issue goes to press. In the interim I am hold-
ing the reins of the horse and trying mightily to avoid stepping in the horse manure.

Our office is as busy as ever. We continue to field new and improved Medical Equipment Sets to SF
Battalions and other tactical units. Thanks to the genius and dedication of Mr. Joe Marak, our Medical Material
and Requirements Specialist, and the herculean efforts of MAJ Hank Sully, Chief of Medical Logistics, and his
staff we have fielded over sixty-five million dollars worth of new medical equipment since 2001. As I write this,
Mr. Marak has departed for greener pastures and MAJ Sully, who worked his magic from the beginning of the
war until the spring of 2006 has returned to Drilling Individual Mobilization Augmentee (DIMA) status and has
been replaced by another outstanding USAR Medical Logistics Officer, MAJ Rob Schultz.

Soldiers from the Surgeon’s Office are heavily engaged in support to GWOT. LTC Deanna Brown, MAJ
Josh Muller, MAJ Tony Littrell, SFC Mike Watson, and SFC Gene Blanding are currently forward deployed in
either OIF or OEF; CPT Tracy Michael returned from OIF a few days ago in time to PCS; LTC Rhett Wallace
is deployed on a Pre-Deployment Site Survey (PDSS); and MAJ Buck Benson and I are on deck for deployment
later this summer.

Heavy items in our rucksack include MC4 fielding, how to manage the post-deployment health reassess-
ment (PDHRA) with our tight deployment cycle, Pandemic Influenza planning, and the SOF Medic Data web-
site. Speaking of the website, it is up and running and access can be requested from the Medical Operational
Data System (MODS) homepage on Army Knowledge Online (AKO). LTC Scott Tanner and the training sec-
tion are shoring up our current training base while pursuing new opportunities; LTC Rocky Rockhill and his
operations branch continue to synchronize and drive the overall effort; and Mr. Terry Phelps and I try to stay out
of the way while MSG Rodriguez and our stellar NCOs put out all the fires every one else has started.

Within USASOC the OPTEMPO never seems to decrease but our AMEDD officers 18Ds, and 91WW s
are resilient and morale remains high. The warrior spirit is alive and well and we continue to recruit and retain
the finest medical personnel the Army has to offer! There will be considerable turnover in the SF Group
Surgeon’s Offices across the board this summer but we are working with HRC to ensure that we get good
replacements. Projected growth in SF Battalions over the next few years will increase our need to find more
first-rate AMEDD Officers.

The landscape will change as we transition the RC portion of USACAPOC from USASOC to USARC
and grow the AC portion. The 95th CA Bde, 97th CA Bn, 98th CA Bn, and 91st CA Bns are being added to the
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96t CA Bn in the AC and will report directly to USASOC. This means we will need, at a minimum, eight addi-
tional AMEDD officers (4X 60C and 4X 64A) and one hundred and seventeen NCOs over the next three years.
We aren’t sure how the new AR USACAPOC Surgeon’s Office will look but we are fully engaged in recruiting
and mobilizing RC assets to keep the momentum going. Stand by for more to follow on CA force structure.

My hat’s off to all of you who are practitioners of good medicine in bad places. It is your willingness
and ability to take what you learned in the ivory towers of academia and make it work in the dark, in the dirt, in
far off places where a certain percentage of the inhabitants want to kill you that sets you apart. It is your stub-
born dedication to duty and daily expenditure of sweat on behalf of our sick and wounded that makes it possible
to take the fight to our enemies any where, any time, any way. You and your families are my heroes.

As for me, I have been assured by the USASOC Chief of Staff that, come August, my sentence here will
be commuted to “time served” and I can return to Afghanistan.
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NAVSPECWARCOM

Jay Sourbeer, MD
CAPT, USN
Command Surgeon

By HMCM (SEAL) Mike Beske, Senior Enlisted Medical Advisor

As we all know well, the only constant is change. By the time SOMA 2006 comes around, you will see
all new faces and the addition of three new positions within the NAVSPECWARCOM Force Medical Office. We
hail and farewell the following personnel:

HAIL
- CAPT Jay Sourbeer, MC, USN, reported in July ‘06 as the new Force Medical Officer. He came from the White
House Medical Unit, White House Physician, and brings with him a broad background of operational and over-
seas assignments.
- CDR Lanny Boswell, MSC, USN, reported into a new position as Deputy Surgeon/Biomedical
Research/Human Performance officer. He came from the position of Director of Strategic Analysis, Naval
Service Training Command, Great Lakes, IL.
- LCDR Dave Baptista, MSC, USN, reported as our newest Medical Plans, Ops, Intel officer. He came from
Naval Medical Center, San Diego.
- HMCS(SEAL) Rich Moore, reported from Special Boat Team Twelve. Senior Chief Moore will work on med-
ical training and readiness.
- HMC(FMF) Salabao, reported from 3rd MARDIV, Okinawa and will be the Force Medical Administrator.
- HM1(FMF) Arredondo, will report this fall from 1st MARDIV, Camp Pendleton, filling the new position of
Force Medical Administrative Assistant.

With the addition of a civilian position starting in FY07, the size of the staff will double in one year. 1
look forward to the Force Medical Office making significant strides in the upcoming years in all areas of Naval
Special Warfare medicine.

FAREWELL

We bid “Fair Winds and Following Seas” to CAPT Andy Woods, who’s transferring to Naval Medical
Center, San Diego; LCDR Jason Holmes, who’s enjoying a one-year tour in the sandbox; and HMCS (FMF)
Delgado, who’s retiring this fall after 26+ years of service. I thank them all for their significant contributions to
NSW medicine and the dedication they have to the SOF operators and their families. HooYa for a job well done!
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COMPONENT SURGEON AF S O C

Timothy Jex, MD
Col, USAF
Command Surgeon

As I write this I haven’t officially taken the stick as the AFSOC/SG yet. I make the move across base
from my current assignment as thel6th Medical Group Commander here at Hurlburt on 20 July, but I appreci-
ate the opportunity to get a few words in early. I’'m extremely happy to be able to continue serving within
AFSOC. The passion, performance and capabilities of SOF professionals are absolutely unmatched any-
where else and it is truly a privilege and an honor to be part of the team. This is an amazing time to be
involved in Special Operations medicine. Not only are we receiving ever increasing recognition for our
extraordinary accomplishments and contributions to OEF/OIF and the many other strategic hot spots around
the world, but technological advances are opening up whole new realms of possibilities for delivering world-
class medical care any time, any place.

As the Command Surgeon, I recognize that my primary responsibility is to make it easier for you to
do your job. I’m sure all of you have ideas about how I can do that. I plan to get out and make the rounds
early. Talk to me. Tell me what we need to do to get to the next level.

I look forward to serving with each of you and God bless you as you continue to do great things.

Journal of Special Operations Medicine
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USUHS Online Preparedness Education Program

The Uniformed Services University of the Health Sciences (USUHS) and the Center for Disaster and
Humanitarian Assistance Medicine (CDHAM) are pleased to announce the availability of the USUHS Online
Preparedness Education Program (OPEP).

The requirement for this unique online education project was established through a series of subcom-
mittee hearings and discussions between congressional leaders, the Department of Homeland Security and the
Department of Defense.

This no-cost, multi-tiered education program is intended to provide a broad range of interactive train-
ing activities that focus on medical response considerations for chemical, biological, radiation and high explo-
sive events by health care providers, planners and emergency response personnel across the nation. The web-
site can also be accessed to review and download a multitude of reference materials relevant to studying WMD
threats.

The first OPEP course being released deals with the unique response and medical treatment consider-
ations that involve a domestic radiation event. Visitors to the web-based site will have an opportunity to nav-
igate through a comprehensive set of activities by: 1) objective; 2) lesson topic; or 3) through the study of a
unique scenario that guides users to each learning activity via a realistic timeline.

The course is fully accredited, as will be the case for future course offerings. For the domestic radi-
ation event, up to 16 Continuing Medical Education (CME) credits, 19 Continuing Nursing Education (CNE)
credits, or Continuing Education Units (CEU) will be awarded to users who register and successfully complete
the entire course.

For more information on the CDHAM, OPEP or to find a link to the site, as well as information on
how to register, go to www.cdham.org.
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Gay D. Thompson, RN, MPH, CHES compiled this list to send out with the author instructions for the Special
Operations Forces Medical Handbook 2nd edition. We thought everyone might find it helpful when writing
your articles for submission to the JSOM.

Common Spelling Errors: Spelling is particularly important when a computer is utilized to search the text
for a certain word. These are the correct spellings of some commonly misspelled medical terms. The “trou-
ble spots” in the words are typed in red.

abscess

accommodation

acetaminophen
albumen
amoxicillin
analgesic
aneurysm
anesthesia
anus
arrhythmia
arthritis
asthma
atresia
axillary
basal
basophil
brachial
breech
callus (noun)
canker
cartilage
catheter
cecum
chancre
cholera
chorea
chlamydia
cocaine
codeine
colon
conjunctiva
conscious

Crohn’s disease

decubitus
debridement

diabetes mellitus

diaphragm
diarrhea
dilation

diphtheria
dysentery
ecchymosis
elicit
emphysema
empyema
epiphysis
epistaxis
erythema
exacerbate
fasciitis
fibromyalgia
fibrous
filariasis
foramen
funduscope
giardiasis
gonorrhea
Guinea worm
helminth
hematoma
hemorrhoid
hepatitis
humerus
hymen
hypnic
iliopsoas
ileus

ilium
impetigo
incontinence
inflammation

intussusception

larynx
leukemia
liquefy

Lyme disease
lymph
lymphedema

malaise
malleolus
malleus
maneuver
melanoma
menorrhagia
menstruation
migraine
mnemonic
mucous (adjective)
mucus (noun)
myofascial
neurology
Novocaine
ophthalmoscope
oriented

palate

palliative
parenteral
paroxysmal
pathognomonic
penicillin
perineal
peritoneum
peroneal
persistent
petechia (singular);
petechiae (plural)
phlegm

plantar

pleurisy
pneumococcus
pneumonic

pore

preventive
prostate
prosthesis
pruritic

pruritus
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psoas
psoriasis
purulent
regimen
resistant
rhythm
rigor
saggital
saliva
scalene
scarring
sciatica
sclera
sedentary
seizure
somnolence
specimen
sphincter
sphygmomanometer
stethoscope
suppurate
susceptible
symmetrical
syncope
syphilis
tachypnea
temporal
tetanus
thelarche
thoracic
tinnitus
tonsil
tonsillectomy
urticaria
varicose
vesicle
vulva

welt

wheal
X-ray



Mechanical Shock and Injury in Special
Warfare Combatant Craft Crewmen

(SWCC)
James A. Hodgdon, Ph.D., Warfighter Performance
Program, Naval Health Research Center, San Diego, CA
92152

Due to length of the “March 2006 Biomedical Initiatives
Steering Committee, Special Operations Command” final
report (25 pgs), this is an abbreviated version. For the com-

plete report, please email JSOM@socom.mil.

INTRODUCTION

The high prevalence of musculoskeletal injuries
among Special Warfare Combatant-craft Crewmen
(SWCC) has been a cause for concern for some time.
Ensign and coworkers (2000) collected self-report med-
ical histories from SWCC attached to Special Boat
Teams (SBT) 12, 20 and 22. They found that 65% of the
boat operators they surveyed reported having had one or
more injuries. The boat operators attributed 95% of
these injuries to boat operations. SWCC had the great-
est hospitalization rate for their set of musculoskeletal
injuries of any Navy rating. Publication of this report
helped to serve as a catalyst to mobilize efforts to study
the relationships between mechanical shock and injury,
and to implement technology solutions to decrease the
exposure to mechanical shock.

One of the research efforts to grow out of this
increased level of interest in shock mitigation for SWCC
was to understand relationships between mechanical
shock exposure and the development of injuries. This
research was jointly funded by the Office of Naval
Research, under its Warfighter Protection Future Naval
Capability, and the Special Operations Command
(SOCOM) under its MedTech program.

The objectives of the research were: (1) To
determine relationships between shock exposure atten-
dant to Special Warfare Combat Craft (SWCC) opera-
tions, and the development of musculoskeletal and other
injuries, (2) To determine the biomedical factors which
underlie these injuries, (3) To develop exposure stan-
dards for SWCC operators to decrease the development
of injury based on cumulative exposure, and (4) To
develop a biomedical methodology and establishment of
baseline measures for evaluation of the efficacy of shock
mitigation technologies.

Over a three-year period from FY2003 to
FY2005, SOCOM provided $298K to support this
research effort. This report provides the results of the
completed portions of this study. The emphasis is on the
research to which the SOCOM funding was applied.

METHODS

The design for this study was to identify a
cohort of SWCC to follow during their workup for
deployment overseas. Their physical status and aspects
of their medical history would be evaluated. Exposure
to boat-related impacts would be assessed. Medical
reporting for musculoskeletal injuries would be fol-
lowed during the workup, and their physical status
would be evaluated again prior to deployment.

In addition, a set of SWCC trainees would have
their physical status evaluated at graduation from
SWCC School. School graduates were measured to pro-
vide measures of initial status at the time of entry into
Special Boat service. Their measurements could then be
compared to those already in Boat service to determine
whether or not changes had occurred in the current
SWCC that might be associated with Boat service.

SUBJECTS

A SBT Squadron consisting of one Mk V patrol
boat detachment and five rigid-hull inflatable boat
(RHIB) detachments was identified for study recruit-
ment. Members of the Squadron were briefed on the
nature of the study; its purposes and the risks associated
with participation. Thirty-seven team members gave
their consent to participate.

MEDICAL INFORMATION

At the beginning of the study period, partici-
pants filled out a Medical History Questionnaire that
posed questions about the length of time they had served
in Special Boats and about any past injuries they had had
to their neck, shoulder, back, hips, knees or ankles.
These injury questions asked about the occurrence of
injury ever in the past, as well as their injury history for
the year preceding filling out of the questionnaire. In
addition, individual medical records of the SWCC par-
ticipants were reviewed to determine whether or not
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they had reported to the clinic with a musculoskeletal
injury during the study period.

PHYSICAL STATUS

Participants were also given a physical status
evaluation consisting of a series functional range of
motion tests, an isometric leg press, a series of balance
tests, and a bone health examination using dual-energy
X-ray absorptiometry (DXA). For the SWCC partici-
pants, these tests were given at the beginning of the
study and again prior to deployment. The graduates
were tested one time just prior to graduation.

FUNCTIONAL RANGE OF MOTION (FROM) TESTS

The FROM tests consisted of moving pegs on
pegboard approximately seven feet tall with a back
panel approximately four feet wide and wings that pro-
trude forward approximately two feet. (BTE
Technologies, Hanover, MD). Three FROM tests were
performed. (1) Overhead reach with rotation. The par-
ticipant moved five rows of pegs from the upper range
of panel five to the middle range of panel 6, then to the
middle range of panel five, then to the upper range of
panel 6, then back to the upper range of panel five. This
process was completed two times. (2) Middle reach with
horizontal displacement. The participant moved five
rows of pegs from the middle range of panel two to the
same row in middle range of panel three and back five
times. While carrying out this task, the participant was
positioned three feet from the base of the pegboard and
bent from the waist while performing the task. (3)
Movement from crouching to standing and back to
crouching. The participant started in a crouched posi-
tion and moved one row of pegs from the lowest row in
the lower range of panel three up one row at a time, until
reaching the upper row of the lower range. He then
stood and moved the row of pegs, one row at a time from
the lowest row of the middle range of panel three to the
highest row of the middle range. He then reversed this
sequence moving the pegs down one row at a time until
they are returned to their starting positions and changing
from standing to crouching as the pegs were moved
from the middle to lower range. The cycle (crouch to
stand to crouch) was repeated 3.5 times and the test was
completed with the participant in a standing position.

All of the FROM tests were timed. In addition,
Methods-time Measurement scores (MTM) were calcu-
lated for each test. MTM is a system of time and motion
study developed in 1946 by Maynard, Stegemerten, and
Schwab. MTM “Analyzes any manual operation or
method into the basic motions required to perform it and
assigns to each motion a predetermined time standard

which is determined by the nature of the motion and the
conditions under which it is made” (Maynard,
Stegemerten, and Schwab, 1948, p.12). MTM has
become the most widely used and universally recog-
nized such system in the world (Prabhu and Baker,
1986). MTM analysis of the work samples yields time
values that represent the work rate standards that well-
trained employees in typical industrial contexts would
be expected to maintain over the course of the eight-
hour workday as they repeatedly performed the exercis-
es. In essence, therefore, an MTM value is a comfort-
able but efficient work rate performance standard for
competent workers. The MTM value is time required to
perform the task divided into the standard work time for
the task and expressed as a percentage. A score of 100
would be the expected value for the comfortable, but
efficient work rate.

IsoMETRIC LEG PRESS -- The isometric leg press was
performed in a chair to which an adjustable yoke with
foot pedals and a load cell had been added. The partici-
pant sat in the chair and pressed against the foot pedals.
The distance from the chair edge to the yoke was
adjustable. The yoke was moved towards or away from
the chair edge to set the knee angle at 100°. A strap was
fastened across the participant’s hips to keep the but-
tocks on the chair. After adjusting the knee angle, the
participant was required to press on the yoke with his
legs as hard as he could for 10 seconds. He was then
allowed to rest 10 seconds and then press again for
another 10 seconds. This cycle was repeated six times.
The integrated force generated during the last four leg
contractions was recorded.

BALANCE TESTS -- A series of 30-sec balance tests were
carried with the participant standing on a pressure-sensi-
tive mat (MatScan, Tekscan, NY, NY). Center of pres-
sure (COP) values were recorded for each foot while it
was in contact with the mat. A variety of indices were
calculated to measure the movement of the COP during
the tests. Six tests were administered: (1) standing on
both feet with eyes open, (2) standing on both feet with
eyes closed, (3) standing on the right foot only with eyes
open, (4) standing on the left foot only with eyes open,
(5) standing on the right foot only with eyes closed, and
(6) standing on the left foot only with eyes closed.
Three trials each were allowed for tests (5) and (6) to
allow the participant to achieve 30 seconds of standing
on the mat. Trials were terminated if the participant
moved his foot on the mat, or lost his balance. Balance
was characterized as (1) the linear distance traveled by
the center of pressure during the 30 seconds (or less) of
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measurement and (2) the average deviation of the center
of pressure from the mean center of pressure location
during the 30 seconds of measurement.

DXA EXAMINATION

Measurements of bone density and body com-
position were made using DXA (Discovery A, Hologic,
Inc., Bedford, MA). Each participant was given a whole
body scan (body composition and overall bone density),
and had additional scans made of the left hip, and lum-
bar spine (P/A and lateral). In addition, a single energy
image of the lateral aspect of the thoracic and lumbar
spine was made to allow vertebral morphometry to be
assessed. All dual-energy scans were analyzed using the
manufacturer’s software and in accordance with the
manufacturer’s instructions.

The hip scans were also sent to Dr. Thomas
Beck at Johns Hopkins University for hip strength
analysis. Hip strength analysis is based on determina-
tion of three dimensional bone properties such as corti-
cal thickness and bone cross-sectional area from the pla-
nar DXA image. From the derived measures, cross-sec-
tional moments of inertia, and section moduli are calcu-
lated for the narrow neck of the femur, the
intertrochanteric region, and the femoral shaft.

The lateral single-energy scan was used to deter-
mine vertebral shapes with an emphasis on the identifi-
cation of deformities. The procedure is known as verte-
bral morphometry. The measurement of vertebral mor-
phometry from the single-energy scans was carried out
following the methods of Blake, Rea & Fogelman
(1999). Points were placed on a computer screen image
of the thoracic and lumbar vertebrae identifying the pos-
terior and anterior superior and inferior corners of the
vertebral body. Additional points were placed on the
superior and inferior margins of the vertebral body mid-
way between the anterior and posterior points.
Placement of vertebral measurement points was carried
out using the methods suggested by Rea (Appendix to
Blake, Rea & Fogelman, 1999). Three vertebral heights
were calculated as the difference between the superior
and inferior markers of a vertebral body: a posterior
height, a mid-body height, and an anterior height.
Indicators of deformity were calculated from the calcu-
lated heights. Wedge deformity was defined as the ratio
of the anterior height to the posterior height. Mid-wedge
deformity was defined as the ratio of the mid-body
height to the posterior height. Crushl deformity was
defined as the ratio of the posterior height of a vertebra
to the posterior height of the vertebra below it, and
crush2 deformity was defined as the ratio of the posteri-

or height of a vertebra to that of the vertebra above it.

Vertebral morphometry is commonly carried
out using standard radiographs of the spine. Some ref-
erence values exist for radiographic vertebral mor-
phometry. However, these reference values do not
match those that are obtained from DXA machines.
Rea and coworkers (1998) have published a reference
set of values obtained from older women. We will
determine the appropriateness of these reference values
for use with our Special Boat samples.

MECHANICAL SHOCK EXPOSURE

Two methods were used to determine the expo-
sure of the study participants to mechanical shock
exposure. Firstly, the boats of the squadron were out-
fitted with data loggers having tri-axial acceleration
sensors and tri-axial angular rate sensors to record
impacts while the boats were underway. These data
loggers were developed and constructed by the Naval
Surface Warfare Center, Panama City (NSWC-PC).
Each unit measures approximately 3/4-inch by 7-inch
by 4-inch, can collect up to 8 channels of data. The sig-
nals are sampled at 1250 Hz and anti-aliased at 250 Hz
within the data logger. Recorded data is written to a
512 MB Compact Flash memory card that is capable of
recording up to eight hours of data.

Study participants were responsible for turning
the data logger on as they got underway, and turning it
off at the end of the underway period. They also
removed the Compact Flash cards and copied them to
CD-ROM using a special CD-ROM writer designed to
go directly from flash card to CD. The CDs had pre-
printed labels which were to be filled out to indicate
date and time of the underway period, boat hull number
and crewmembers aboard the boat for that underway
period. The CDs were sent to NSWC-PC for analysis.

Initial data analysis focused on accelerations
recorded in the z-axis (vertical). The data files were
divided into 15-sec segments. For each segment, the
mean, the peak and the root-mean square acceleration
were computed. In addition acceleration histograms
were created with 1g-magnitude categories (i.e. 0-1g,
1-2g, etc.), each containing a count of the number of
impacts received in that acceleration range. Such a his-
togram summary was developed for each mission.
This impact frequency by acceleration magnitude pro-
file was used to generate and index of relative injury
risk. The index was based on the work of Carter and
coworkers (1981). These authors conducted uniaxial
fatigue tests of devitalized cortical bone specimens at
strain ranges of 0.005 to 0.010 applied at physiological
loading rates.
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The authors indicated in one of their figures
that strain ranges up to 0.001 were equivalent to walk-
ing, strain ranges of 0.001 to 0.002 were equivalent to
running, and strain ranges of 0.002 to 0.004 were
equivalent to “rigorous exercise”. Walking is known to
generate z-axis ground reaction forces of 1 — 1.5gz, and
running to generate z-axis ground reaction forces of
two to 3gz (Nilsson & Thorstensson, 1989). The
assumption was made that for the purposes of this
index 0.001 total strain range was approximately
equivalent to 1gz, 0.002 to 2 gz, and so on. For each
acceleration category, the midpoint g value was entered
to estimate a theoretical maximum number of cycles to
failure for that category.

The number of recorded impacts in each cate-
gory was then divided by the theoretical maximum for
that category to provide a fatigue fraction for each cat-
egory. In accordance with the notions of Prendergast
and Taylor (1994), these fatigue fractions were then
summed to provide a total damage fraction. This value
was then multiplied by 100 to indicate a percent dam-
age. If'the transformation from De to gz were accurate,
then a value of 100 would indicate that the damage was
equivalent to that necessary to break a devitalized cor-
tical bone specimen. It is unlikely that the transforma-
tion performed is valid, but the index value determined
should be related to the relative risk of damage to con-
nective tissue elements during impact.

As a secondary means of monitoring exposure,
sailing plans were collected from the detachments par-
ticipating in the study. The sailing plan contains infor-
mation about the anticipated time underway, environ-
mental conditions, boat hull number, and the
crewmembers planning to be on board.

A Sail Plan Database was written in Microsoft
ACCESS to allow storage and manipulation of the
exposure information. The Sailing Plan information as
well as the information from the CD-ROM labels and
index values derived from the acceleration data were
entered into the database. When the CD-ROM label
information and sailing plan information overlapped a
single record was created to hold all the information
related to that mission.

ANALYSIS

All statistical analyses were carried out using
SPSS for Window v.12 (SPSS, Inc., Chicago, IL).
Comparisons between SWCC participant and the class
graduates were made using t-tests for independent
means. Such comparisons were made between the ini-
tial measurements taken on the SWCC and the meas-
urements made just prior to graduation for the students.

In this way, comparisons could be made between par-
ticipants ready to enter active Special Boat service and
those who already were engaged in such service.
Changes in mean values during the period of study for
the SWCC were made using t-tests for correlated
means between measurements taken at the initial eval-
uation and those taken at the final evaluation.
Comparisons of measured values with theoretical
means were made using the t-test for single samples.
When necessary, standardized variables (or Z trans-
forms) were calculated using the DESCRIPTIVES
procedure in SPSS. Identification of variables for
inclusion in injury models were developed based on t-
tests for independent means (where presence or
absence of injury was the grouping factor), or serial
correlations between variables and presence or
absence of injury.

RESULTS AND DISCUSSION

Participants were followed from January thru
August 2004. Twenty-five SWCC participants took
part in the second physical evaluation.

Medical Information
Medical History Questionnaire

From the Medical History Questionnaire, it
was determined that 28 of the 37 participants had sus-
tained musculoskeletal injuries prior to entry into the
study. Twenty-five participants out of the 37 had expe-
rienced musculoskeletal problems within the last year.

Injuries

During the seven-month course of this study,
review of the medical records revealed 15 muscu-
loskeletal injuries among 14 of the 37 study partici-
pants. The distribution of injuries by location is indi-
cated in Table 3. Other injury sites were foot and ribs.
Of those injured, 10 had been previously injured at the
same site. The prevalence of injuries was not different
among operators of different craft types. Five of 12
Mk V operators (41.7%) reported an injury and 9 of 25
RHIB operators (36.0%) reported an injury.

Physical Evaluation
Functional Range of Motion Tests

Two of the FROM tests were dropped from the
Physical Evaluation. The middle reach with horizon-
tal displacement was dropped because several of the
participants refused to take the test on its second
administration. They complained that the back dis-
comfort was too great.
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Initial Wound Management of Improvised
Explosive Device or Land Mine Blast Injuries
Treated at U.S. Forward Operating Base in
Afghanistan

Peter D. Ray, MD; James D. Frizzi, MD; John B. Raff, MD; Robert
F. Malsby III, DO, FS, DMO

ABSTRACT

The forward surgical and special operations facilities located at a Forward Operating Base
(FOB) in Afghanistan were tasked with providing initial resuscitative and surgical care as well as
stabilization of injured U.S. and coalition forces. In addition, definitive surgical care for local
nationals who were at risk for life, limb or eyesight (LLE) injuries were brought by MEDEVAC to
these facilities. During the initial four months of deployment this joint surgical team received, eval-
uated, and rendered treatment to 215 trauma patients. Of these, 22 were due to improvised explo-
sive devices (IEDs) or mine blasts. The character of these wounds differed substantially from
injuries seen in civilian practice in the United States. The purpose of this paper is to report a method
of initial management which proved to be clinically practical and effective, in the hope that it may

benefit others who are called upon to treat these injuries.

One aspect of these blast wounds that was
particularly challenging was the propensity for bits of
rock, mud, and assembly components to be forcibly
driven under enormous pressure through dermis and
muscle along fascial and intermuscular planes. The
blast detritus resulted in grossly contaminated deep
tracts along the limb within multiple compartments.
The actual level of contamination frequently was far
more proximal than the visually evident injury.
Depending on the trajectory and distance from point
of detonation there is often a surprising loss of skin,
subcutaneous tissue, muscle, fascia, and occasionally
tendon, bone, and capsular tissue. (Pictures 1 and 2)

Externally, the skin and soft tissue can look
surprisingly normal. The overall viability of both
skin and muscle is often not apparent for up to 48
hours. Initially, multiple repeat visits to the operating
room with a single surgeon were met with persistent,
widespread draining tracts of pus, the base of which
often harbored mud and gravel. (Picture. 3)

Use of the routine pulsatile pressure irriga-
tion system with both saline and antibiotic additives

Picture 1

Local national child one hour after stepping on a land
mine, brought to the U.S. military surgical facility. Note
multiple areas of injected mud and debris.

as one would manage a mangled extremity from a
vehicular accident in the U.S. did not effectively
clear the deeper areas of contamination. There
seemed to be a grease or grime component to the
injected debris. Tracts often required unroofing
remote from the point of the dermal penetration. An
analogous injury pattern in the U.S. would be a limb
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Picture 2

The same young local national boy but showing the posteri-
or left leg and concomitant soft tissue loss. There is risk of
contamination of the hip and knee joint.

injury due to high pressure grease guns or industrial
solvent machines; one difference being that IEDs and
landmines affect the entire limb or even multiple
limbs, in potentially hundreds of individual places.

Picture 3

Deep-seated debris found on second operation embedded
between the lower leg muscular planes. These are often
times located in multiple places and not radiographically
detectable.

TREATMENT TECHNIQUE

After managing a number of these patients, it
became apparent that the initial Betadine® scrub and
prep of the wound bed did not effectively remove the
oil, grease, or dirt in the deeper areas. Better methods

evolved as our experience with these wounds
increased. Adding 5ml of 4% Chlorhexidine scrub
soap as a solvent to the first 1000ml of saline irriga-
tion markedly improved the clearance of grime and
dirt from the wounds. The tremendous foaming
which arose in the suction canisters was neutralized
by adding 80mg of crushed simethicone to the suction
canister. This prevented the need to change out suc-
tion canisters, a rare commodity so far forward on the
battlefield.

In multi-extremity cases, the number of oper-
ators assigned to the initial debridement was expand-
ed. On one case, three providers were employed at
the same time. Each was assigned to one limb and
was charged with meticulous unroofing and irrigation
of all visible dermal punctures or violated fascial
planes. Patients were re-treated the following day
with further debridement under general or regional
anesthesia.  Subsequent debridements were done
under conscious sedation and were followed by a
“team dressing change” lasting about 15 minutes.

The Forward Surgical Team (FST) was fre-
quently able to apply skin grafts and proceed with
definitive or staged closure of the wound at 48 hours
after the initial debridement. A forward surgical facil-
ity is designed to have a 72 hour holding capability
and does not have the staff to operate continuously
beyond that time frame. As our experience pro-
gressed, the FST surgeons routinely applied skin
grafts under sedation outside of the operating room,
on an elective basis, for the local nationals.

Early skin grafting, prior to the arrival of
granulation tissue in the wound, dramatically reduced
the amount of bandages and dressings being con-
sumed. The ability to stabilize the wound within the
initial 48 hours aided U.S. Soldiers who were return-
ing to the United States. The local national patients
benefitted from this expedient method, as it allowed
them to obtain a level of wound stability that could be
managed by the local medical community, thereby
reducing local reliance on U.S. military facilities.
This technique and many others like it should become
very valuable as our Special Operations Force ven-
ture out to provide not only Level I, but also Level 11
resuscitative care with ARSOF and AFSOF Surgical
assets. Other operational providers who are deployed
are encouraged to use or improve upon this method
when they are faced with these difficult injuries.
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Differentiating Causes of Hypoxemia in

Special Operations Trainees
Jaime Rodriguez, MD; Jack Hammes, MD

ABSTRACT

The differential diagnosis of hypoxemia in special operations trainees is different from that of the gen-
eral population. While diseases contributing to hypoxemia in the elderly and others are manifold, the likely
causes in the young healthy male population are relatively limited. They include previously unrecognized
reactive airway disease, traumatic or spontaneous pneumothorax, aspiration, pneumonia, and swim induced
pulmonary edema (SIPE). Hypoxemia defined as a pulse oxygen saturation less than 97% is a common occur-
rence at the Basic Underwater Demolition School (BUD/S) and occurs in approximately one in ten students.
Of the above mentioned causes, SIPE and pneumonia are almost exclusively seen in this patient population
during Hell Week, a five-day period during which trainees are placed under profound physical and emotional
stress. Hypoxemia may occur in military personnel in other training and operational environments. The pur-
pose of this review is to illustrate the salient features differentiating these two common conditions and to

describe their impact on successful completion of training.

BACKGROUND

BUD/S is a rigorous six month training pro-
gram designed to select and prepare trainees for Naval
Special Warfare (also known as sea, air, land teams, or
SEAL/s.) BUD/S takes place at the Naval Special
Warfare Center (NSWC) in San Diego, California.
The student population consists of highly motivated
males ranging in age from 18 to 34. They are in top
physical condition and have no significant underlying
medical conditions that can be detected by routine
screening methods. The intense training involves
extremes of exertion, cold water (temperature ranging
between 52 and 72 degrees Farenheit) exposure, sleep
deprivation, and close contact with other trainees. Of
students who begin BUD/S training, 75% will not fin-
ish. The majority of this attrition occurs during the
first of three phases. While most attrition consists of
voluntary drop from training, medical conditions
result in approximately 11% of attritions (personal
communication: CDR Chris Christenson, USN,
Director of Training, NSWC.)

Students in this high risk training are fol-
lowed very closely for the development of potentially
life threatening illness. Hypoxemia is usually noted
by non-medical personnel as difficulty keeping up
with the class during physical training evolutions,
coughing, bloody sputum, visible shortness of breath
at rest, or altered level of consciousness. Physical
training evolutions include running, swimming, tread-
ing water, calisthenics, obstacle courses, and small
boat operations. Trainees do not use SCUBA equip-

ment until after first phase is complete. Students pre-
senting with signs or symptoms of hypoxemia (meas-
ured pulse oxygen saturation less than 97%) are
referred for evaluation by medical officers, who are
immediately available at all times during Hell Week.
Signs and symptoms of hypoxemic disorders include
decreased exercise tolerance, shortness of breath,
chest tightness, cough (dry, productive, or bloody),
lightheadedness, mental status changes, abnormal
lung sounds (wheezing, rhonchi, and rales,) tachyp-
nea and cyanosis. The two most common etiologies
for this presentation in SEAL trainees are pneumonia
and SIPE.

The presentation of SIPE (besides hypox-
emia) typically includes copious production of frothy
sputum (accompanied by blood more often than not.)
Chest radiographs may show unilateral or bilateral
diffuse airspace opacities which quickly resolve
upon rest and administration of oxygen and bron-
chodilators. SIPE is a condition of stress failure of
the pulmonary capillary bed. The mechanisms for
this failure are likely related to exertion and the vas-
cular volume changes of immersion (in this case, in
cold water). There is an increase in central vascular
volume related to peripheral vasoconstriction,
increased hydrostatic pressure, and reduction in
effect of gravity. The mean increase in cardiac out-
put during head above water immersion is 32% with
an associated increase in pulmonary artery pressure.
Vital capacity is concomitantly reduced by 700ml
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due to a shift of blood from the periphery to the tho-
rax. Investigations into the nature of SIPE have
shown this to be a non-infectious, non-inflammatory,
potentially life-threatening condition. As noted
above, patients respond rapidly to supportive care.
Echocardiographic studies have shown normal car-
diac function.

Pneumonia occurs in military recruit popula-
tions at a significantly greater frequency than the gen-
eral population. It is defined as an acute infection of
the lung accompanied by symptoms of systemic ill-
ness. It is similar to SIPE in that cough, fever, short-
ness of breath, and pulmonary infiltrates on chest x-
ray are typical characteristics. The de facto gold stan-
dard for diagnosing pneumonia is chest radiography,
although this is an imperfect test. Ideally, culture of
sputum to obtain a specific pathogen in the right clin-
ical scenario will confirm pneumonia, however this is
frequently not done in clinical practice. Proposed risk
factors for the development of pneumonia in recruit
and similar populations include overcrowding and
antecedent viral infections.

METHODS

We reviewed available records from August
2000 to May 2006 from training logs for BUD/S
classes to search for cases of hypoxemia. Two cases
of hypoxemia from the primary causes of hypoxemia
are presented. The features differentiating these two
cases are described. Numbers of BUD/S trainees lost
from training due to the two primary causes are pre-
sented and correlated with various factors.

RESULTS

Case 1: A 32 year old white man was brought
to medical by instructor staff with persistent cough
and shortness of breath on day number three of Hell
Week. He denied aspirating water. His oxygen satu-
ration (Sa02) was determined by portable measure-
ment (Nonin Medical, Plymouth, MN) in the field to
be 86%. He appeared tired and in mild respiratory
distress. His other vital signs were notable for a pulse
of 98, oral temperature of 94.2 degrees Fahrenheit,
and a blood pressure of 115/73. His exam was
notable for diffuse bilateral rhonchi and basilar rales.
He produced blood-tinged non-purulent appearing
sputum during his initial evaluation. (Figure 1) His
Sa0z2 increased to 90% with two treatments of nebu-
lized albuterol.

Figure 1

A chest x-ray was obtained (Figure 2) which
revealed bilateral diffuse airspace opacities. He was
treated with supplemental oxygen by nasal cannula,
gatifloxacin, and rest. His SaO2 improved over the
following 12 hours to 96%. He remained afebrile but
was unable to continue training. Within 48 hours he
felt completely well and his vital signs and SaO2
were normal. A follow up chest x-ray (Figure 3)
obtained four days later revealed complete resolution
of the opacities seen previously.

Figure 2

Figure 3
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Case 2: A 22-year-old white man experi-
enced sudden onset of shortness of breath and was
unable to keep up with his boat crew on day two of
Hell Week. The patient denied aspiration of water.
The patient was immediately removed from training
and found to be tachypneic and hypoxic, with a SaO2
of 88% in the field as reported by the SEAL corps-
men instructors. He was immediately transported to
medical where he continued to complain of shortness
of breath and productive cough. He had no signifi-
cant medical history except for starting Hell week
with a “mild head cold.” His vital signs were notable
for a rectal temperature of 97.2 degrees Fahrenheit,
pulse of 72, blood pressure125/78, respiratory rate 16
breaths/min and SaO2 on room air of 90%. On
inspection patient’s sputum was also blood tinged.
Physical examination was remarkable for rales and
rhonchi at the left base. There was no jugular venous
distension or tracheal deviation.

Chest radiograph (Figure 4) revealed a
patchy air space process in the right middle lobe con-
sistent with pneumonia. The patient was treated with
supplemental oxygen via nasal cannula, nebulized
albuterol and ipratropium. He was also started empir-
ically on gatifloxacin. On reassessment after treat-
ment, his SaO2 improved, and he was able to com-
plete sub maximal stress testing and resume training.
With continued close observation and supportive care
the patient completed Hell Week. Follow-up chest
radiograph at 48 hours (Figure 5) showed mild inter-
val improvement but not resolution of infiltrates.

Figure 4

Figure 5

While students at BUD/S have presented with
hypoxemia for many years, it was not until the late
1990s that pulmonary edema due to immersion/exertion
(SIPE) was formally recognized. Since that time, there
have been an average 2.2 cases per training class (there
are typically five classes per year.) Table 1 illustrates
attrition due to hypoxemic causes over several years of
classes at BUD/S. These attritions are almost entirely
limited to Hell Week. The numbers provided do not
reflect students who are diagnosed with SIPE or pneu-
monia and manage to stay with their respective classes
(as did the patient described in case 2.)

Table 1 (numbers are cases per year)

Pneumonia  SIPE
2001 9 11
2002 29 15
2003 4 2
2004 8 5
2005 3 21

We and others have theorized that SIPE occurs
more frequently during training in colder water. The
average ocean temperature in San Diego is 58 degrees
Fahrenheit in the winter and 68 degrees Fahrenheit in
the summer. Occurrence of both pneumonia and SIPE
appear to be correlated with seasonal changes in water
temperature (see Figure 6) with the lowest rates of both
occurring in the summer and the highest rates occurring
in the winter. These findings are consistent with the
theory that cold induced vasoconstriction is an impor-
tant pathogenetic feature of SIPE. The more frequent
occurrence of pneumonia during the winter is also con-
sistent with the well known tendency for pneumonia to
be more common during this period.
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Two additional considerations bear emphasis.
Pulmonary embolism, myocardial dysfunction, and
other causes of hypoxemia are unusual in young, oth-
erwise healthy persons, but may occasionally occur.
Providers should consider evaluation for these and
other cardio-pulmonary diagnoses if the history, phys-
ical, and radiograph do not support SIPE or pneumo-
nia. Furthermore, despite the different characteristics
of these conditions (Table 2), making a firm diagnosis
may be difficult.

Figure 6

DiscussION

Hypoxemia is a common presenting condition
for students at BUD/S. Pneumonia and SIPE are by far
the most likely causes for this. Bloody and/or frothy
sputum and bilateral pulmonary infiltrates help to dif-
ferentiate SIPE from pneumonia. Patients with SIPE
typically have complete resolution of symptoms within
24 to 48 hours of presentation -- this is uncommon
among pneumonia victims. The diagnosis is often con-
firmed retrospectively when the follow-up chest x-ray
reveals dramatic improvement in a short period.

Differentiating these conditions may be more
important than it would first appear. SIPE is probably
seen most commonly at NSWC. It has also been report-
ed at the Naval Diving and Salvage Training Center
(personal communication: CDR Tom Robinson, USN)
and at other institutions where combat swimmers are
trained. It has also been described in other settings
(recreational scuba diving, breath-hold divers, and long
distance swimmers) and is very likely under-recog-
nized. Supportive care for both conditions may involve
oxygen and inhaled bronchodilators such as albuterol
and ipratropium. SIPE has also been variably treated
with diuretics, vasodilators, and hyperbaric oxygen.
However this experience is anecdotal and these cannot
be routinely recommended.  Differentiating these is
important for two reasons. One is that outbreaks of
pneumonia may cause significant morbidity in training
settings. Surveillance and discovery of sentinel cases
may help avert outbreaks. Furthermore, patients who
have had SIPE may be at risk to acquire it again.
Identifying such patients may result in more adherence
to measures designed to prevent it.

Table 2
Pneumonia SIPE

Shortness of Breath +++ +++
Cough +++ +++
Blood in sputum + ++
Bilateral infiltrates +/- +++
Fever ++ +/-
Rapid Resolution of Infiltrate(s) -+

The consequence of neglecting to treat pneu-
monia may be catastrophic. Therefore, we routinely
cover patients with appropriate antibiotics for typical
and atypical lower respiratory pathogens. While this
condition has been described in SCUBA divers, most
experience has been with persons breathing ambient
air at sea level. The differential diagnosis for divers
presenting with shortness of breath or hypoxemia must
obviously be expanded to include barotrauma and
interruption of or defective gas supply.

In summary, SIPE and pneumonia are com-
mon causes of hypoxemia among Naval Special
Warfare trainees. They may be differentiated by clini-
cal and radiographic characteristics, but diagnosis may
be difficult at initial presentation and may become
clearer with time. SIPE should also be considered in
the evaluation of shortness of breath for combat swim-
mers, divers, and other personnel engaged in heavy
exertion while immersed in water.
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Executive Editor’s Note: Recommending to SOF medics and medical officers that they use a “shotgun therapy” for the treat-
ment of malaria is always a chancy thing. Do remember that there are well established service and geographic theater regu-
lations on anti-malarial drugs and prophylactic chemotherapy as well as service-level aviator-specific rules. This article,
which is well done, could be of use to policy setters and planners in future areas of operation.

OBJECTIVES

Differentiate Stand-by Treatment (SBT) for malaria, from chemoprophylaxis.

Recognize why SBT of malaria may be a better option than chemoprophylaxis on certain SOF missions.
Describe possible scenarios in which SBT of malaria might be used.

Recognize the SBT drug regimen recommended by the CDC including dosing and possible side effects.
Recommend appropriate patient education based on WHO guidelines.

Recognize the absolute necessity of patient follow-up.

Describe potential problems with SBT that have been documented in the medical literature.

NSk W=

ABSTRACT

Stand-by treatment (SBT) of malaria is a life-saving measure that Special Operations Forces (SOF)
Soldiers deployed to malarious areas should have available in certain special situations. SBT, or presumptive self-
treatment, includes providing SOF Soldiers with appropriate antimalarial medication to carry with them and use in
the case of a fever that occurs one week or more after being deployed to a malarious area and medical care is not
available for more than 24 hours. SOF healthcare providers must make the call on whether SBT is a good option
for a given mission. This decision requires an accurate risk assessment that considers the risk of malaria versus
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the risk of adverse events from the proposed antimalarial strategy. In order for SBT to be truly life saving, SOF
healthcare providers must provide counseling that emphasizes a fever in a malarious area is a true medical emer-
gency and prompt evacuation for definitive diagnosis and treatment is absolutely necessary. Although the World
Health Organization (WHO) and the Centers for Disease Control (CDC) endorse this method of managing malaria
in certain situations, it has failed to gain acceptance as an option in the U.S. Armed Forces. Instead, the emphasis
is placed on using insect personal protective measures (PPM) and chemoprophylaxis (CP). However, there are
examples of missions where these measures were ineffective leading to malaria outbreaks. SBT used either as an
adjunct or alternative to CP, may be a suitable option especially on some SOF missions. Unfortunately, the evidence
supporting SBT is lacking in the medical literature and has not been studied in SOF Soldiers. This article introduces
SOF healthcare providers to SBT and reviews the relevant articles found in the medical literature describing its use.

INTRODUCTION

Each year, 300 to 500 million clinical malaria
infections occur worldwide, and there are about one to
three million deaths.! There may be up to 30,000 cases
in international travelers annually.2 The disease can
devastate non-immune travelers including Soldiers
deployed to malarious areas. No doubt, the disease
remains a significant threat to SOF personnel and the
success of their missions. In 2004, the CDC received
reports of 1324 symptomatic malaria cases including
four deaths.> Most of these cases were cases of import-
ed malaria in travelers. However, according to the
Center for Disease Control (CDC), a total of 32 cases of
malaria were reported in U.S. military personnel. The
U.S. Army conducts its own surveillance through the
Army Medical Surveillance Activity (AMSA). AMSA
received 40 reports of service members being hospital-
ized for malaria in 2005.4 Twenty-three (58%) of these
cases were reported as P, vivax infections. P. falciparum
infections, the more deadly form of malaria, accounted
for at least two (5%) cases. There were 15 (38%) cases
where the plasmodium species was “other/unknown”.
The presumed location of infection was Korea in 18
(45%) cases and Central Asia / Middle East in 16 (40%)
cases. Two cases were presumably imported from
Central / South America and one case from Africa. In
the three remaining cases, the presumed location of
infection was reported as “unknown”. Unfortunately,
this data does not address malaria cases treated as out-
patients.

Unknown information about reported cases,
possible under-reporting of cases, and lack of a dedicat-
ed medical surveillance system for SOF are only a few
problems that make it difficult to describe the true threat
of malaria to our Soldiers.> Moreover, malaria is a
threat because it is geographically widespread being
endemic in more than 100 countries.2 Most conven-
tional forces are deployed to areas of chloroquine-
resistant vivax malaria. However, members of SOF are

deployed globally and it is possible that the risk of
acquiring falciparum malaria while on a mission is sig-
nificant. This may lead SOF mission planners to under-
estimate the risk, fail to implement an appropriate con-
trol strategy, and subject Soldiers to undue risk. Indeed,
the risk of serious illness due to malaria may not only be
present after deployments, as indicated by the data
described in the paragraph above, but during deploy-
ments as well.

Figurel: A Comprehensive Antimalaria Strategy®
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Chemaoproplyhis

Personal Protective e asures

Bryrareness of the Risk of halaria

Usedall the time

Increased awareness of risk is only the founda-
tion to a successful antimalaria strategy.¢ To this we add
two more layers that include insect personal protective
measures (PPM) and chemoprophylaxis (CP). Despite
the best efforts of SOF healthcare providers to empha-
size the necessity of PPM and CP, experience shows
compliance with these measures to be poor. In an
anonymous self-reported survey of members of an Army
SOF unit conducted in 2002 only 29% of Soldiers
reported using insect repellent, and only 82% reported
treating uniforms with permethrin.” Even more worri-
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some was the 31% compliance rate for both weekly
and terminal prophylaxis. Low compliance with pre-
ventive measures is a reason for an outbreak of malar-
ia in this unit where there were 38 cases in a 725-man
task force. Other reports of outbreaks in Soldiers
found similar problems with the lack of PPM use and
CP compliance as well as an association between poor
compliance and other characteristics of military oper-
ations such as hostile actions and location.s-11

While it is true that efforts should be made to
improve compliance with PPM and CP, are SOF
healthcare providers still recommending an antimalar-
ial strategy that is not complete? What about aircrews
and other members of SOF whose mission makes it
difficult to use CP appropriately? One article specifi-
cally addresses the latter question and recommends
strict use of causal prophylaxis.!2 However, this rec-
ommendation is of little use to a Soldier who falls ill
with fever during a mission. Standby Treatment
(SBT) — the provision of antimalarial drugs for self-
treatment of a possible malaria infection when med-
ical care is not available — plus the aforementioned
measures describe a comprehensive antimalaria strat-
egy.6? This antimalaria strategy is depicted in Figure
1. Note that awareness of risk is necessary to consid-
er in all missions while other measures may be used
less frequently as risk dictates.

SBT, used commonly by European travelers,
is not emphasized in the United States despite
endorsements from the World Health Organization
(WHO) and the CDC. The SOF Medical Handbook
and previous articles in JSOM describe a common reg-
imen for SBT though they do not describe the regimen
explicitly.1314 A review of the medical literature
reveals that outcomes based evidence with rigorous
clinical trials that support the use of SBT are lacking.
In fact, studies have demonstrated that SBT has its
own technical problems and risks. Such problems
include: prescribing the right antimalarials, when to
initiate SBT therapy, under or overuse of SBT, and
patient follow-up. Risks inherent to SBT include:
adverse drug affects and drug failure. Perhaps these
are two reasons why SBT is not widely recommended.

STANDBY TREATMENT OF MALARIA

The WHO defines SBT as carriage of anti-
malarials for self~administration when malaria is sus-
pected.2 The WHO further characterizes SBT as an
emergency measure used under very specific circum-
stances. SBT is used when the following apply:
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Table 1: Characteristics of Standby Treatment!

A life-saving measure

A temporary measure

For Soldiers deployed to remote malarious areas where
access to diagnosis/treatment is not available within 24
hours

For Soldiers deployed to malarious areas where healthcare
is not acceptable

For Soldiers who cannot take chemoprophylaxis or who
will not take it consistently

Table 2: Properties of an Ideal Standby
Treatment Strategy16

Indications for use are clear

Drug regimen is simple

Drug targets drug resistant parasites

Low side-effect profile

Used with chemoprophylaxis or alone

1. Fever develops only after being in a malarious
area for one week or longer.

2. The individual is in a remote location where diag-
nosis and safe, effective treatment by qualified
professionals in an adequate facility are not avail-
able within 24 hours.

SOF healthcare providers will recognize that
(2) above will require careful assessment during mis-
sion planning. For instance, a Soldier may not be in a
remote location at all, but will still be denied access to
adequate healthcare for more than 24 hours due to mis-
sion requirements. SOF missions may occur in loca-
tions with substandard healthcare providers, anti-
malarial drugs, and medical facilities.

The main rationale behind using SBT is that
there are some situations where the risk of suffering an
adverse drug event (ADE) while using CP is greater
than the risk of becoming infected with malaria.6.15
Nevertheless, any risk of malaria is reason for concern
and SBT affords a life saving, emergency measure
when a Soldier does become infected. For those who
do not tolerate antimalarials, do not use insect PPM, or
who will not be compliant with the CP regimen, SBT
is a better alternative than using nothing.s The key
characteristics and ideal properties of a SBT regimen
are found in Tables 1 and 2, respectively.!16
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PoOSSIBLE SCENARIOS TO CONSIDER USING SBT

The SOF healthcare provider should consider at
least three factors while making a reasonable malaria
risk assessment and gauge which anti-malaria strategy is
best. These factors include: (1) risk of infection versus
risk of an ADE, (2) duration of exposure (length of time
in the malarious area), and (3) frequency of exposure
(number of times deployed to a malarious area).215.16
Depending on these factors SBT may be used alone,
along with CP, or not at all. Below are some situations
that deployed members of SOF may encounter and
where SBT might be a wise choice.

Areas of low risk for malaria where the risk of
acquiring malaria is lower than the risk of suffering
from an ADE. For example, areas such as Southeast
Asia or South America the risk of malaria in persons not
taking CP is about 0.1% and 0.05% per month, respec-
tively.!” However, the risk of suffering an ADE while
taking mefloquine CP may be as high as 4%.12 Clearly,
the risk of suffering an ADE is much higher than the risk
of malaria. In this situation, the best recommendation
may be SBT without CP. SBT could be life saving for
the unfortunate Soldier stricken with malaria.

Short, repeated exposure in select occupational
groups such as aircrews. The risk to aircrew of acquir-
ing malaria during layovers in high-risk areas like
Tropical Africa was found to be as high as 0.8 per 1000
per night.!518 The use of CP in SOF and military air-
crews including drug selection, safety, efficacy, and cost
has been addressed previously.i2 Indeed, causal prophy-
laxis with primaquine might be safer alternative to long
term suppressive prophylaxis with chloroquine due to
the potential adverse effects such as retinal pathology
seen with long-term chloroquine use.2 However, this
strategy fails to address a symptomatic and possibly
deadly malaria infection while deployed. SBT should be
considered in this situation.

Based in a malaria free area with missions in a
malarious area. Similarly, SBT may be useful in cases
where a deployed team is based in a malaria free area,
but whose mission requires short stays in malarious
areas. For example, most large cities in Asia and South
America are free of malaria, but the surrounding rural
areas may be high-risk areas.!s If the area a team is
based in is not malaria free, but a low risk area, then CP
and SBT may be used together.

Travel to areas of differing drug resistance. CP
may be effective in one area of the world but not anoth-
er due to varying resistance. SBT could be used to cover
a person while in the area where the CP regimen would
be ineffective. It is conceivable that a mission location
could change and the original antimalarials prescribed
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would no longer be effective. Combinations of CP and
SBT are best, especially when there is a high risk of fal-
ciparum malaria.!5 For example, suppose a mission’s
location is in a rural area of southern Thailand, an area
well-known for cholorquine-resistant falciparum malar-
ia. Additionally, suppose that some of the Soldiers must
travel to areas along the Thailand-Cambodian border, an
area known for mefloquine-resistant falciparum malaria.
In this example, the best recommendation may be either
mefloquine  or  doxycycline for CP  and
atovaquone/proguanil for SBT.

Short notice missions. A last minute deployment
reduces the possibility that the Soldier receives a thor-
ough briefing on the threat of malaria.'® Missions requir-
ing very rapid deployment to a malarious area will not
allow team members to achieve adequate levels of CP
drugs even with accelerated dosing. SBT may be neces-
sary to avoid malaria in the first few weeks of a mission
until optimal levels of CP drugs are present.

Table 3: Atovaquone/Proguanil (Malarone) for
Chemoprophylaxis and Standby Treatment!

Use Dose Comments
Chemoprophylaxis [one tablet Start two days
daily before entering
malarious area,
continue for seven
days after return
from malarious area
Standby Treatment [four tablets |Do not use if taking
daily for three|atovaquone/progua
days nil for chemopro-
phylaxis

CENTERS FOR DISEASE CONTROL AND WORLD HEALTH
ORGANIZATION GUIDELINES AND RECOMMENDATIONS
Recommendations for malaria SBT are found in
the CDC’s Health Information for International Travel.!
While the CDC states that CP is the best option for trav-
el to malarious areas; it also realizes that there are prob-
lems with this general recommendation. Such problems
include situations where persons choose not to take CP,
take the wrong CP regimen, or take a suboptimal regi-
men. Since these are realistic possibilities, the CDC
offers an alternative. This alternative includes a three-
day regimen of atovaquone/proguanil (Malarone) to be
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Table 4: WHO Guidelines for Standby Treatment?

Consult a physician immediately if fever occurs one week or more after entering a malarious area

If medical care is not available within 24 hours, start SBT and continue to seek medical care as soon as possible

After finishing SBT, resume chemoprophylaxis one week after the first SBT dose

If fever is present, take a dose of an antipyretic to reduce the chance of vomiting up antimalarials

If vomiting occurs less than 30 minutes after taking SBT, then another full dose should be taken

If vomiting occurs 30 - 60 minutes after taking SBT, then a half dose should be taken

Be aware of drug failure with vomiting and diarrhea

Do not use the same antimalarial drugs for SBT that are used for chemoprophylaxis

ALWAYS follow up with a physician or other professional healthcare provider after SBT use

taken promptly in the case of fever, chills, or influenza-
like illness if professional medical care is not available
within 24 hours. Note that this is the same regimen rec-
ommended in the SOF Medic Handbook and a previous
JSOM article.13-14 The CDC stresses that this is only a
TEMPORARY measure and that a prompt and thorough
evaluation is imperative as soon as possible with urgent
medical evacuation of the Soldier. It is important to
realize that self-treatment may be life saving in those
who are taking CP and those that are not. However,
travelers or deployed  personnel taking
atovaquone/proguanil for CP should not use this regi-
men recommended by the CDC and must use a different
self-treatment regimen. WHO recommends an SBT
regimen that includes quinine and doxycycline for seven
days for persons taking atovaquone/proguanil for CP.2

Malarone, like SBT itself, is often overlooked.
This antimalarial combines 250mg of atovaquone and
100mg of proguanil in one tablet. It is active against
both blood and liver stages of the parasite. Thus, it is a
drug that can be used for suppressive prophylaxis,
causal prophylaxis, and treatment of malaria.!2 Since it
combines two drugs there is a lower chance of develop-
ing resistance. Side effects include abdominal pain,
nausea, vomiting, and headache.!2.20 Table 3 displays
CP and SBT regimens for Malarone. Note, Malarone
should not be used in persons with renal disease causing
creatinine clearance of less than 30mL/min.!

WHO emphasizes that successful use of SBT
depends on individual behavior.2 It is up to the SOF
healthcare provider to educate Soldiers in the use of
SBT. These recommendations are found in Table 4. In
order to aid Soldiers who are prescribed, the SOF
healthcare provider should provide instructions provid-
ed both verbally and in writing. The instructions should
use clearly understandable language, be individualized
to the Soldier, include statements on how to recognize
the symptoms of malaria, how and when to start SBT,
potential side effects of the antimalarials, the possibility
of drug failure, and the absolute necessity to seek med-

ical attention as soon as possible for diagnosis and fur-
ther treatment.2

Previous Experiences with SBT: Review of the
Medical Literature and Potential Problems

Unfortunately, there are no published studies
on the use of SBT in SOF personnel or other members
of the U.S. Armed Forces. In fact, there are no publi-
cations describing a rigorous clinical trial that compares
SBT to CP or other alternatives. One must look to pub-
lications describing the use of SBT in foreign leisure or
business travelers to find objective data.

One study provides some insight into which
antimalarial strategy travelers prefer.6 This study is a
retrospective case series of Swiss travelers that
describes the results of a questionnaire intended to
understand the knowledge, attitude, and practices of
514 Swiss business travelers whose destinations includ-
ed visits to tropical regions in the years 1998 to 2000.
Of the 514 questionnaires distributed, 401 were
returned. The 401 respondents proved to be knowl-
edgeable about the basics of how and when malaria is
transmitted as well as the common symptoms of infec-
tion. The antimalarial strategy of a subset of the
respondents (n=93) who traveled to African high-risk
areas was analyzed. The reliance on CP, SBT, and no
antimalarials was compared to the duration of stay. The
study found that travelers relied on SBT most frequent-
ly when their duration of stay was one to four weeks
(40.5% relied on SBT) and used SBT less frequently if
the stay was less than one week (28.9% relied on SBT),
or longer than one month (8.3% for one to three
months, 16.7% for > three months). There was no sig-
nificant trend in the frequency of SBT use and duration
of stay. In all cases, CP was preferred over SBT and
SBT was preferred over no antimalarials. The authors
do note that using no antimalarials is not an acceptable
antimalarial strategy. They comment, “A great number
of travelers do not carry any antimalarials in endemic
areas, whereas they should know that the correct alter-
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native to CP is not ‘no antimalarials,” but carriage of
[Standby Emergency Treatment].”¢

In 1995, a prospective study of 3434 German
travelers sought to understand the frequency, circum-
stances, and outcomes of SBT for suspected malaria.2!
2867 (90.1%) recruited travelers returned question-
naires after their trips. Two hundred thirty-two travel-
ers developed a fever while traveling, of these, 40
(1.4%) took SBT. SBT users in this study were, on
average, 28.5 years of age, 60% were male, and the
majority of them traveled to Tropical Africa (75%),
Latin America (12.5%), and Southeast Asia (10%). Of
the 232 travelers with fever, 104 provided a serum sam-
ple to confirm the presence of malaria antibodies. Of
the 40 who used SBT, 37 provided serum samples.
There were 67 samples available from those who did
not use SBT. Malaria antibodies were found in four
(10.8%) of the 37 samples from SBT users and none of
the 67 samples from non-SBT users. As for proper fol-
low-up with a healthcare provider: 23 (57.5%) followed
up in accordance with recommendations, while 17 took
SBT without follow up. Six (15%) of 40 SBT users
reported side effects; however, in only one case were
the side effects severe enough to necessitate hospital-
ization. Side effects were attributed to halofantrine in
two of the six cases. Halofantrine is no longer used to
treat malaria because of pro-arrhythmic effects, mainly
prolongation of the QT-interval.622 Unfortunately, 35
(87.5%) of 40 SBT users made mistakes in the use of
the antimalarials. The authors do point out that those
without fever followed recommendations correctly and
abstained from SBT use. On the other hand, the odds
of having malaria were only about 1:8 in SBT users , or
for every SBT user who had malaria about eight did
not. Fortunately, for those who used SBT the odds of
suffering a drug side effect was only 1:40, which is
much lower than the odds of having malaria. Thus,
even though SBT might have been overused putting
people at risk for adverse drug effects, the frequency of
these effects were rare. In this study the benefits of
SBT outweigh the risks. Nevertheless, poor follow-up
and mistakes in SBT use in this study demonstrate two
potential pitfalls in SBT. This study emphasizes the
importance of patient counseling and the need for fol-
low-up.

A small study of Japanese travelers revealed
the same problems with SBT as described above, but
also demonstrated that some providers prescribed the

wrong antimalarials.23 This cross-sectional study con-
ducted in December 2003 to January 2004 obtained
data from 500 questionnaires that were distributed in
Tokyo and Osaka Quarantine Stations. Of the 500
questionnaires, 458 were returned, and 160 of these
were from travelers who journeyed to one or more
malaria endemic countries. Nine (5.6%) of 160 travel-
ers used SBT, all of whom traveled to Tropical African
countries. Eight of the travelers used SBT with the
onset of fever and chills (no data was available for one
traveler). Two of the nine initiated treatment after less
than one week in the malarious area, and eight initiated
treatment when definitive care was available within 24
hours. The one traveler who took SBT under the rec-
ommended circumstances, but failed to follow-up once
SBT was started. Unfortunately, eight used chloro-
quine as part of their SBT regimen despite the rampant
chloroquine resistance in sub-Saharan Africa. In sum-
mary, none of the nine travelers used SBT in accor-
dance with WHO guidelines. Thus, it seems that not
only was the wrong antimalarials prescribed, there was
a miscommunication between the providers that pre-
scribed SBT and their patients about using SBT. They
failed to provide clear, correct, and effective counseling
as well. SOF healthcare providers should be aware of
patterns of antimalarial resistance and follow the CDC
recommendations to use atovaquone/proguanil for
SBT. Two excellent references on these subjects
include the CDC’s Health Information for
International Travel 2005 — 2006 (available online at
http://www.cdc.gov/travel/yb/ and the Control of
Communicable Diseases Manual, 18th Edition. 1,30.

Finally, another study showed there might be a
problem with a person’s reluctance to use SBT.22 This
study found that even though travelers might have
fever and great concern for malaria SBT is infrequent-
ly used. Out of 1187 travelers surveyed, 123 (10.4%)
reported they were ill with fever. Six (4.6%) of the 123
with fever (or 0.5% of the entire group of respondents)
reported SBT use and followed up. However, 82
(66.6%) of the 123 did not start SBT or follow-up.
Although it is unknown if these 82 persons were with-
in reach of medical care (in which case, they would not
need SBT), this finding raises concern that individuals
may not be using SBT when they otherwise should,
thus allowing their malaria to go untreated. The author
remarks, “...while the wrong use of stand-by treatment
may lead to serious adverse effects, failure to use it
could result in death due to malaria.”?
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CONCLUSION

While strict use of PPM to avoid insect bites
and CP are the two measures that will protect members
of SOF from acquiring malaria in most situations, SBT
may be an additional valuable life saving measure in
some special situations. SBT may be recommended for
Soldiers who experience fever after being one week or
more in a malarious area and are not able to reach ade-
quate healthcare within 24 hours. SBT is a temporary
measure and once taken the individual must follow up
with a healthcare provider as soon as possible to con-
firm the diagnosis of malaria and continue treatment.
Recommendations for SBT use is based on the risk of
malaria versus the risk of suffering an ADE.
Deployments to low risk areas, or even frequently
repeated deployments to high-risk areas are two situa-
tions where SBT may be recommended. SBT may also
be beneficial when missions take SOF Soldiers to areas
of varying drug resistance and on short notice missions
to malarious areas. SBT and CP are not mutually
exclusive and may be taken in combination, but the
drug used for SBT should not be the same drug used for
CP. The CDC recommends the wuse of
atovaquone/proguanil for SBT due to the lack of resist-
ance with this drug combination. WHO emphasizes
that SBT will be effective only with appropriate patient
counseling including written instructions.

Previous studies have found problems with
SBT such as reluctance to initiate treatment despite
having fever in a malarious area, taking the wrong anti-
malarials given drug resistance patterns, and failure to
seek follow up once treatment is initiated. However,
most of these studies were case series and lack the epi-
demiological rigor needed be confident with the find-
ings. Even if the results were fully valid, the findings
may not apply to the SOF community since the subjects
in these studies were foreign travelers and not military
personnel. Indeed, members of SOF community may
use SBT more responsibly than the subjects of these
studies, or previously unidentified problems could be
found in this unique population.

SBT kits have been used previously and may
be helpful.24 A kit that includes atovaquone/proguanil
tablets, a thermometer, and written instructions that
describe when and how to take the medicine would
probably enhance a Soldier’s ability to make a pre-
sumptive diagnosis of malaria and decrease the number
of mistakes made when taking antimalarials.
Researchers have studied Rapid Diagnostic Tests
(RDTs) to aid in making a self-diagnosis of malaria.

While results are encouraging, test parameters such as
low sensitivity and a high number of false negative tests
remain suboptimal, and there are several technical prob-
lems with RDTs.25-28  On the other had, U.S. military
physicians have found RDTs to be useful in malaria out-
breaks.29 Currently, WHO does not recommend RDTs
for these reasons. However, these tests may improve in
the future and eventually be added to a SBT kit. In the
meantime, SOF healthcare providers must rely on a clin-
ical diagnosis of malaria at times and may find SBT to be
a good option to offer, in addition to or instead, of CP on
certain missions.
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Hypotensive Resuscitation
Ben Donham, MD; Mel Otten, MD

ABSTRACT

Traditionally, the standard of care for hemorrhagic shock is aggressive fluid resuscitation.
Over the last 15 years, emergency care providers have disputed this dogma as data from animal stud-
ies and a limited number of clinical trials accumulated. Currently, the Tactical Combat Casualty Care

Committee (TCCC) recommends limited fluid resuscitation for hemorrhagic shock.!

Given the

apparent controversy concerning treatment of hemorrhagic shock, the goal of this review is to sum-
marize the medical literature on hypotensive resuscitation in order to clarify the reasoning behind dif-
ferent resuscitation strategies for hemorrhagic shock.

HISTORICAL TEACHING

The American College of Surgeons’ Advanced
Trauma Life Support (ATLS) guidelines currently
recommend that for each estimated milliliter of blood
lost during hemorrhagic shock, three times that
amount should be replaced with crystalloid.2 Medical
educators commonly teach this form of large-volume
fluid resuscitation and it remains a standard practice
of many medical practitioners. The basis of this rec-
ommendation comes from the Wiggers model of con-
trolled hemorrhagic shock that was developed in the
1960s.3 In this animal model, researchers placed a
catheter in a dog’s vasculature and withdrew blood
until they obtained a preset hemoglobin level. At that
point, they closed the catheter to stop blood loss and
began fluid resuscitation. Multiple studies using this
model showed that fluid resuscitation reversed the tis-
sue ischemia caused by hemorrhagic shock and
improved survival.3-4

The Wiggers model effectively demonstrates
how to control hemorrhages by controlling the origi-
nal vascular injury and stopping the bleeding. During
an uncontrolled hemorrhage, the vascular injury
remains uncontrolled, active bleeding continues and
hemorrhagic shock occurs. In the tactical environ-
ment, many patients suffer ongoing bleeding and clin-
ically do not fit a Wiggers model of controlled hem-
orrhage. Although the data from the Wiggers model
of controlled hemorrhage shows that fluid resuscita-
tion indeed decreases mortality by decreasing tissue
ischemia, uncontrolled hemorrhage more accurately
represents the condition experienced by trauma
patients. Prior to the early 1980s, uncontrolled hem-
orrhage was vastly understudied.

PATHOPHYSIOLOGY

The hypothesis of hypotensive resuscitation is
that with an actively bleeding injury, increasing the
blood pressure by giving intravenous fluids (IVF)
will displace a newly formed weak blood clot as the
body attempts to stop the bleeding. This hypothesis
states that administering IVF during hemorrhagic
shock dilutes coagulation factors and exacerbates
hypothermia. Furthermore, tissue ischemia and the
probability of mortality increase due to the uncon-
trolled bleeding. Therefore, the overall goal of
hypotensive resuscitation is to give just enough IVF
to maintain blood flow to the body’s vital organs
without increasing the blood pressure too much and
causing increased bleeding.

UNCONTROLLED HEMORRHAGE MODELS

In the 1990s, researchers published the first
papers that challenged the traditional ATLS guide-
lines of aggressive resuscitation. In 1991, Bickell et
al. created an uncontrolled hemorrhage model by uti-
lizing a swine aortotomy.5 This procedure involved
conducting an abdominal laparotomy with insertion
of a wire through the swine aorta then closing then
closing the abdominal compartment and removing
the wire. This procedure results in a small vascular
injury and, eventually, uncontrolled hemorrhagic
shock occurs. This model revealed that aggressively
resuscitating animals according to the ATLS protocol
resulted in 100% mortality. The control group, which
did not receive any fluid resuscitation, exhibited 0%
mortality and had a significant decrease in intraperi-
toneal bleeding compared to the resuscitated animals.
Furthermore, an extraluminal thrombus overlying the
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aortotomy site was found post-mortem in the control
group, whereas the aggressive resuscitation group only
exhibited a weak gelatinous clot at the aortotomy site.

During the same time period, Stern et al. began
looking at different fluids to use in fluid resuscitation.6
Unexpectedly, as with Bickell’s uncontrolled hemor-
rhage model, Stern et al. found that the control animals
receiving no fluids actually had a better survival rate
than the animals that received aggressive fluid resusci-
tation.6 Using a similar swine aortotomy model with a
90% untreated mortality, Stern et al. showed that
under-resuscitated animals with a goal mean arterial
pressure (MAP) of 40mmHg had decreased mortality
when compared with both the control group (no resus-
citation) and other groups that received more aggres-
sive resuscitation. The groups receiving aggressive
resuscitation had a larger amount of blood loss, lower
hematocrit, and higher lactate levels than the under-
resuscitated group.

Subsequent animal studies using hypotensive
resuscitation consistently reproduced the survival ben-
efit initially noted by Bickell and Stern. Mapstone et
al. published a systematic review of animal studies on
hypotensive resuscitation and concluded that a signifi-
cant survival advantage to animals results in studies
with hypotensive resuscitation as the goal.” Although
pre-clinical animal studies on hypotensive resuscita-
tion provide respectable models and intriguing data,
the obvious limitation of these studies is that they
occurred in animals and not in humans.

CLINICAL TRIALS

Unfortunately, because of the difficulties of both
study design and informed consent, researchers have
performed only a few clinical trials that concentrated
on limited resuscitation . Bickell et al published the
sentinel paper on hypotensive resuscitation.8 Their
study, performed in Houston, focused on delayed
resucitation in penetrating trauma. They enrolled 598
patients who met the study criteria of penetrating
injuries to the trunk and torso and a pre-hospital blood
pressure of less than 90mmHg. The research team ran-
domized these patients into two study groups (delayed
resuscitation patients and the immediate resuscitation
patients) using even/odd day randomization. The
patients in the delayed resuscitation group had an
intravenous (IV) line placed in the field by emergency
medical services (EMS), but did not receive IV fluids
(IVF) until in the operating room. The patients of the
immediate resuscitation group received standard ATLS
fluid resuscitation starting with EMS personnel in the
field. The overall study population was extremely

hypotensive with an average systolic blood pressure of
50mmHg upon presentation. Patient characteristics,
initial blood pressure, injury severity, and time to oper-
ating room were similar between the two study groups.
A statistically significant decrease in mortality (8%)
occurred in the delayed resuscitation group compared
to the immediate resuscitation group. This study also
identified a non-significant trend toward fewer com-
plications in the delayed resuscitation group. The
results of this research appear to complement the ani-
mal data.

However, some have criticized the methodology
and the authors’ conclusions.%-10 Their use of even and
odd day randomization may have been a possible
source of bias, as were, protocol violations where the
delayed resuscitation group received IVF. Because the
average amount of total fluid given (375cc vs 2478cc)
was small, and the times to operative intervention
were short, some believe these factors limit the validi-
ty of the conclusions that were drawn. Although this
paper does indeed have its limitations, the study is the
largest to date, and shows a significant survival bene-
fit when hypotensive resuscitation is used.

In 2002, Dutton et al. performed the only other
major human clinical trial focused on hypotensive
resuscitation.!! They treated both blunt and penetrat-
ing trauma patients with either normotensive or
hypotensive resuscitation. This study enrolled 110
patients almost equally divided between blunt and
penetrating trauma. The goal MAP for the hypoten-
sive resuscitation group was 70mmHg, and the goal
MAP for the conventional resuscitation group was
100mmHg. Unfortunately, the study goal was not met
with the average MAP for the hypotensive group was
100mmHg and the average MAP for the conventional
group was 114mmHg. The study found no mortality
differences between the two groups. Overall, the
results of this study are severely limited, since they did
not achieve hypotensive resuscitation. However, these
results do not show an improvement in outcome with
aggressive resuscitation.

LiMITATIONS AND CONTRAINDICATIONS

Critics of hypotensive resuscitation cite prob-
lems with prolonged ischemia and subsequent multior-
gan failure as a reason against using this strategy.
Although the Wiggers model shows that resuscitation
does indeed improve ischemia and survival, this model
is not applicable in uncontrolled hemorrhage. The
data available on uncontrolled hemorrhage in humans
does not show increased ischemia. According to
Bickell et al., there was no difference in measured
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markers of ischemia (serum pH and bicarbonate levels)
occurred between control and experimental groups.8 In
addition, animal studies have shown that 75 minutes of
permissive hypotension did not increase mortality, and
that after three days no histological evidence of end-
organ injury existed.!2

Ischemia is a real concern when dealing with
prolonged periods of hypotensive resuscitation.
Medical situations in the Special Operations Forces
(SOF) environment are a prime example of prolonged
hypotensive resuscitation given the potential for
extended evacuation times to occur. From the animal
and clinical data presently available, short periods of
hypotensive resuscitation on the order of a few hours do
not appear to increase ischemia. However, ischemia
times reported in the literature are not always consistent
with the amount of time it would take for wounded SOF
personnel to reach definitive surgical care.

Although the current preclinical and clinical data
regarding hypotensive resuscitation in penetrating
injury does indeed appear to be promising, certain clin-
ical scenarios exist where the standard of care is to give
IVFE. For example, hypotensive resuscitation is con-
traindicated in head trauma, since the main concern is
to prevent secondary brain injury by maintaining blood
pressure and cerebral perfusion pressure. Currently
significant controversy remains among medical care
providers regarding the specific type of resuscitation
fluid (hetastarch, hypertonic saline dextran, isotonic
crystalloid, or heme substitute) that should be used.

The use of hypotensive resuscitation in blunt
trauma is controversial because of the limited number
of studies on the subject. The few animal studies that
tried to replicate injuries seen in blunt trauma showed
inconsistent results. An initial study showed a wors-
ened outcome with hypotensive resuscitation, but more
recent studies using a different animal model demon-
strated a survival benefit.!3-15 However, the only clini-
cal trial that studied the effect of hypotensive resuscita-
tion on blunt trauma showed no difference in mortality
when compared with conventional resuscitation.!!
Given the lack of data to support the use of aggressive
fluid resuscitation and the logistical limitation of carry-
ing large amounts of IVF, it is reasonable to withhold
fluids in the blunt trauma victim.

HYPOTENSIVE  RESUSCITATION  IN SOF
ENVIRONMENT

Why is hypotensive resuscitation important for
Special Operations Forces? First and foremost, it
appears to be good medicine. From the literature pre-

THE

sented above, it is clear that studies and other evidence
support hypotensive resuscitation as being beneficial
to penetrating trauma victims. Although this is con-
trary to current ATLS guidelines and conventional
teaching, more civilian trauma centers are embracing
hypotensive resuscitation. A recent survey in the
Journal of Trauma showed that the majority of civil-
ian trauma surgeons practice hypotensive resuscitation
in penetrating trauma regardless of transport times.!6
As stated above, the logistical difficulty of carrying a
large amount of IVF combined with the fact that little
evidence supports the use of IVF in uncontrolled hem-
orrhagic shock argues against giving fluids until there
is sufficient evidence of global ischemia.

The SOF community recognizes the above lim-
itations. The current TCCC guidelines state that both
blunt and penetrating trauma patients should receive
an IV, but no fluid resuscitation should occur until the
patient exhibits a mental status change.! However, if
vascular control can be established, such as with the
use of a tourniquet on a hemorrhaging extremity, a
small amount of fluid should be given at that point. In
this scenario, the tourniquet controls hemorrhage and,
based on the Wiggers model of controlled hemorrhage,
fluids in this instance would reduce ischemia.

An attempt has been made by the authors in this
article to include preliminary data on the use of
hypotensive resuscitation from the recent conflicts in
Afghanistan and Iraq. Unfortunately, as of the date of
this publication we have not received any data from
the Army’s Institute of Surgical Research or from the
Center for Army Lessons Learned.

CONCLUSIONS

Extensive animal data and limited human data
show decreased mortality with hypotensive resuscita-
tion in penetrating trauma. Although the data on
hypotensive resuscitation in blunt trauma are very lim-
ited, no studies showed an increase in mortality.
Given the difficulty in carrying large amounts of IVF
in the SOF environment, hypotensive resuscitation
should be used on all patients with hemorrhagic shock
regardless of injury mechanism. However, once
hemostatic control is obtained, more aggressive fluid
resuscitation should begin. Currently there is still sig-
nificant controversy regarding the specific type of
resuscitation fluid (hetastarch, hypertonic saline dex-
tran, isotonic crystalloid, or heme substitute) that
should be used. Therefore, more research on specific
types of resuscitation fluids is necessary to determine
the best type of resuscitation fluid to be used.
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Satellite Imagery/GPS Technology:
Implications and Applications
for Humanitarian and Relief Operations

Chetan U. Kharod, MD

ABSTRACT

Despite the world of spectacular growth of technology and applications, a substantial proportion of
the world population continues to struggle daily against hunger, poverty, a growing disease burden, and the
ravages of disaster and civil strife. As the world community marshals its resources to the help those in need,
the roles of the military, especially of special operations forces, continue to expand. This paper looks at some
of the implications of satellite and wireless technology in the fields of humanitarian assistance and disaster
relief. It also reviews some current applications with a hypothetical scenario in which such applications may
expedite delivery of aid while conserving human resources.

Financial Disclosure: Dr Kharod has no financial, research, or academic relationship with any of the satellite, GPS,
R&D, or technology application companies discussed in this paper.

INTRODUCTION

The fields of science and technology are
expanding at an extraordinary rate and application of
these advances to the service of those in need is a
must. The dichotomy of the current global situation
can be seen in the unyielding persistence of hunger,
poverty, and burgeoning disease in many regions
despite the growth of technology in others. Despite
tremendous wealth and convenience for a portion of
the world population, others continue to struggle for
food, shelter, and clothing. The impact of natural or
man-made disasters exacerbates a struggle that can
destabilize both solid and tenuous societies alike.
The developed countries, which tend to be heavy
users of resources, are making increasingly coordi-
nated efforts to provide aid and support when under-
served areas are in need. The obvious and necessary
forms of aid from developed nations include provi-
sion of food, water, clothing, livestock, medical aid,
public health/sanitation, and shelter. However, the
global community may offer support in other ways.

Some areas of difficulty in post-conflict or
post-disaster settings are terrain mapping, hazard
identification, and population mapping/location.
Mapping of terrain features is essential to rescue and
recovery in areas devastated by natural disaster.!
Similarly, location of internally displaced persons
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(IDPs) and mapping of refugee clusters is a labor- and
time-intensive process. Both terrain and population
mapping require personnel on the ground to risk
exposure to unstable situations in order to provide
adequate assessments. Several technologies, initially
developed for scientific and military applications, can
augment current field techniques.! In particular,
though the technology has been available for several
decades, satellite imagery is coming to the fore in the
areas of humanitarian assistance and relief operations.
When combined with satellite use in global position-
ing systems (GPS), the resulting geographic informa-
tion systems (GIS) are powerful weapons in the glob-
al arsenal of humanitarian assistance.

SATELLITE IMAGERY AND RECONNAISSANCE
PHOTOGRAPHY

According to the United Nations High
Commission for Refugees (UNHCR), applying exist-
ing satellite technology can meet multiple needs in the
setting of disasters or contingencies. First, satellite
imagery can provide current data in rapid fashion. It
can also supply large scale survey information in var-
ious levels of detail. Furthermore, the universal
access of the satellite’s orbit can provide imagery for
areas where limited on-the-ground access and little
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available related information exist.2 Finally, the
remote satellite provides substantial information
without directly exposing human resources to envi-
ronmental or man-made hazards. Of course, the real-
istic application of such technologies must take into
account additional factors which may affect deploy-
ment of advanced technology.

The most obvious constraint may be access.
Not every country or group has a satellite or a recon-
naissance aircraft at its disposal. An associated
obstacle is the financial cost of obtaining the images.
The general consensus among non-governmental
organizations (NGOs) seems to be that obtaining
data from and conducting analysis of satellite
imagery is cost-prohibitive.3

Naturally, the cost of the service is directly
related to the size of area surveyed, the types of
imagery obtained, whether analysis of the images is
required, and how rapidly analysis and images are
required. For example, RadarSat International has a
website whereby orders can be placed on-line. Older
data are available at a discounted rate. The prices
above do not include the timeframe for analysis or
the number of scenes ordered. Like with any other
business purchase, larger volume sales merit dis-
counted rates.

Beyond the financial constraints are the
human resource issues. Trained personnel must
process and analyze incoming data. Such expertise
must be applied early in the process to optimize the
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usefulness of the data to the rescue and recovery
efforts. Another issue which prohibits open exchange
of data and imagery, but one that is not discussed in
the scant available literature, is that of the strategic
implications of widespread sharing of satellite
imagery and aerial photography. Humanitarian assis-
tance, from the individual level to the national level,
may stem from more than humanistic origin or polit-
ical motivation. While altruism is one obvious point
of reference, public image or personal (or national)
gain may also motivate benefactors. In the strategic
sense, any help rendered may contribute to a nation’s
international reputation. On the other hand, distribu-
tion of imagery would almost certainly disclose one’s
reconnaissance capacity, which undoubtedly is of
strategic significance. It is the global equivalent of a
poker player “tipping his hand,” as it were. Though
this may seem a small price to pay in the truest sense
of humanitarianism and altruism, the current geopo-
litical climate, especially in the spheres of military
and diplomatic influence, is not one of completely
open exchange and access.

GLOBAL POSITIONING SYSTEMS (GPS)

This technology makes use of the existing
network of satellites already in orbit around the earth.
It allows, via communication between the GPS
device and satellites, the precise location of person-
nel, prominent terrain features, man-made features,
and when combined with existing databases, precise
mapping of routes to and from specified locations.

RADARSAT-1 SAR Imagery: Digital Products $US
Beam Mode/ Nominal Path Path Map Image |Precision . Single Look
Resolution Coverage Image Tmage Map Image Signal Data Complex
Area g Plus p g p
Fine /8 m * 50 x 50 km | $3,000 | $3.000 | $3,000 $3.750 $3.000 $3.000
Standard / 25 m[100 x 100 km| $2,750 | $2,750 | $2,750 $3.500 $2.750 $2.750
Wide /30 m * |150 x 150 km| $3.000 | 3,000 3,000 $3,750 $3,000 $3,000
ScanSAR 300 x 300 km| $3,000 | N/A N/A N/A $3,000 N/A
Narrow / 50 m*
/Siggsﬁf Widels00 x 500 km| $3,000 | N/A N/A N/A $3,000 N/A
lzzs"tg‘ded High/l s 75 km | $3.000 | $3.000 | $3.000 $3.750 $3.,000 $3.000
;Es"trfl“ded Low /1170 x 170 km| $3.000 | $3.000 | $3.000 $3.750 $3.000 $3.000

www.radarsatInternational-Products,Satellitelmagery,RADARSAT-1PriceList$US.htm




The advantages of such a technology are as
obvious as the applications are numerous. First, it
would allow unprecedented precision in the location
of identified hazards and displaced population
groups. Then, as performed by Global Relief
Technologies, if combined with satellite information
exchange capacity and the internet, it can provide
real-time up-linking with up-to-the-minute updating
of central databases using information garnered from
on-site survey teams.# The final section of this paper
will discuss examples of such emerging applications.

As expected, technology-dependent innova-
tions such as these may be associated with character-
istic disadvantages as well. For example, they are
exceedingly resource-intensive. The related
resources and training include, but are not limited to,
1) development and maintenance of hardware/soft-
ware, 2) training and retention of personnel trained in
system use, and 3) personnel trained in system main-
tenance and repair. In addition, such technology-
dependent systems may undergo periods of decreased
effectiveness when the uplink connections are altered
or when the virtual access is slow. Finally, equip-
ment accountability, maintenance, and repair, which
can be routine in the course of a day in the continen-
tal United States, can be an area of substantial com-
plexity for the team in the field. Even so, despite
technical, economic, and human resource constraints,
the application of satellite technology in GIS is an
exciting development in emerging technologies for
use in the rising tide of humanitarian and relief
efforts. Some collaborative work is already under-
way and other field applications are being developed.

IMPLICATIONS AND POTENTIAL APPLICATIONS

The concept of using satellite imagery in the
support of humanitarian operations is not a new one.
At least six years ago, the humanitarian community
was positing the use of commercial satellites to mon-
itor civilian casualties in war-torn areas.> Even then,
it was understood that the possibility of monitoring
situations at the personal level was not technically
feasible. However, the technical community was
aware that it could use the “big picture” to monitor
refugee and IDP situations by observing large objects
including camps, roads, and shelters.6

As mentioned earlier, access to imagery and
analysis can be an imposing obstacle for many NGOs
or for developing countries. The UNHCR and UN
Office for the Coordination for Humanitarian Affairs
have a combined program to resolve that issue. This

joint endeavor proposes to make non-copyrighted
imagery from the LandSat 7 satellite available free-
of-charge via the internet to humanitarian groups.
The program is hosted at the Information Technology
Outreach Services of the University of Georgia by
the GIS technology division.6 The program is a work
in progress and is currently stalled for lack of fund-
ing. The applications of such a free imagery network
are innumerable in each of the areas identified previ-
ously (terrain/population mapping, hazard identifica-
tion).3 The UNHCR collaborated with local authori-
ties in several situations to optimize delivery of
improved services. Examples of such work include
efforts with the Ethiopian Mapping Authority to
determine environmental impacts, land use around
refugee camps, and evaluation changes in vegeta-
tion.> The UNHCR employed GPS and satellite serv-
ices in the mapping and maintenance of the Kakuma
Refugee Camp Water Sector Planning effort by
UNHCR in conjunction with local and multinational
organizations.3

Global Relief Technologies (GRT) of
Rockville, Maryland created a collaborative project
with Telenor Satellite Services (TSS).” Together, they
initiated a service to support the International
Medical Corps (IMC) in the coordination of recovery
operations. As the IMC conducts mobile clinics and
support operations in conjunction with local agen-
cies, the workers would use the combined technolo-
gies to review and update maps, data tables, detailed
coordinates for all locations, and imagery from GIS.
Data experts can adapt GIS imagery via the software
applications of GRT/TSS to combine all the data for
a location digitally with its satellite image to provide
in-depth information. Such information may be of
critical value in emergency situations such as failing
security at a site.8

Similarly, the space agencies of several
nations developed an international disaster charter in
November 2000 to create a combined process for
acquisition and delivery of space imagery/data to
humanitarian agencies serving those affected by dis-
aster.” Non-governmental agencies are also involved
in the advancing efforts. Reuters, long known for
providing news around the world, created AlertNet,
an internet-based service. One of AlertNet’s novel
services is an online map viewer that the humanitari-
an community or the lay public can access at the
AlertNet website.!® For example, the map viewer
service on AlertNet provides a view of the entire
world which the user can then customize to show the
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preferred data including infrastructure (airports, rail-
ways, roadways), bodies of water (rivers, lakes), as
well as population areas and country data.!!
Additionally, the European Space Agency (ESA) fund-
ed a global telemedicine project named [-DISCARE.
NGOs employed this project’s capabilities after the
December 2004 tsunami in the Indian Ocean basin to
help connect ground-based rescue teams with distant
hospitals using satellite up-link to enhance on-site
medical interventions.!2

These examples demonstrate that concerned
organizations and governments can apply the latest
technologies in the service of those in need. However,
the copyright laws and the expense of obtaining
imagery/analysis may prevent optimal application of
available technologies. The LandSat 7 program dis-
cussed earlier heralds the beginning of improving
access to imagery. The cost factor, though, remains a
significant obstacle to widespread use. Space Aid is an
ongoing United Nations program designed to enhance
access and utility of satellite imagery by the UN
humanitarian sections.!3

The need, then, is clear, and the applications
are virtually limitless. An example of optimal applica-
tion could be to provide assistance teams with the most
current satellite imagery before they deploy to famil-
iarize them with terrain features, hazards, and popula-
tion distribution in war-affected and heavily-mined
areas of central Afghanistan. These teams, equipped
with satellite up-link capability and real-time access to
all such data via a virtual network, would proceed with
their ground survey operations. They could then
update and monitor ongoing processes via the wireless
up-link so that each team member (or each team, if
multiple teams are working in geographically separat-
ed areas) can send and receive real-time data. Using
this information stream, governments and NGOs could
direct resources to areas most in need, obviating the
need for massive resource offloading in one area and
delayed transport of relief personnel and supplies until
after all data is centralized and analyzed, thereby
reducing unnecessary resources devoted to transporta-
tion, gathering and transmission of data, distribution of
latest data, etc. The relief workers would no longer be
limited to working from fixed facilities tethered by
landlines for telephones, fax, or internet access.

The above brief example is just one hypothet-
ical way in which technologies such as those devel-
oped by GRT, Reuters AlertNet, Space Aid, and others
could be applied. The idealism inherent in humanitar-
ian work could inspire the widespread sharing and
free-sourcing of all available information and technol-

ogy. The real-world application of such idealism,
though, must consist of more than good intentions. It
requires attention to strategic implications; provision
of equipment; cost of satellite development, launch,
and maintenance; cost of analysis; and dissemination
of data. Perhaps most importantly, it necessitates the
training of personnel to make best use of such techni-
cally advanced dat